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Balsa—Production and Utilization 


Although not the lightest known wood, balsa is the 
lightest commercial timber, and as such has found utili- 
zation in the manufacture of airplanes, life preservers, 


insulating equipment and packing crates. 


During recent 


war years Ecuador supplied 95 percent of world pro- 
duction but must now meet competition from wild and 
cultivated sources in Central America and Ceylon. 


MERNA IRENE FLETCHER 
Un ‘ fy of Vi SOUT 
Introduction kind of wood that was used in those 
Spanish Conquistadores under the coastal rafts, the other to canoe-like 
| | 


Pizarro sailed along 
of South America from 
Panama to Ecuador and observed native 
Indians sailing a gigantic raft made of 
lashed The 
mast carried a huge cotton lugsail, and 
in the center of the raft 
raised like a quarter-deck. As a 
it represented the highest 
development ever produced by any pre- 


leadership of 


northwest coast 


logs together with vines. 
was a kitchen 
sea- 


going craft 


Columbian people, and similar crafts are 
still in use on the Rio Guayas of Ecua- 
dor today. To this primitive contrap- 
tion for navigation the Spaniards appled 
the name “ balsa’, their equivalent for 
our word “raft”. This same term later 
came into use with reference to small 
boats made by other tribes of Indians 
and used by them on the high waters of 
Lake Titicaca. 


ever, were not made of logs but of reeds 


The latter craft, how- 


that grow along the margin of Titicaca. 
They still made and used by the 
Indians that and still 
known in Spanish as well as English as 


are 


of region are 


“balsas”. The name was applied also 


to the logs of which the coastwise craft 


were made, so that today the word 
‘balsa ” has two applications, one to the 
\|] pietures bv courtesv of the Ofhes of 


ton, 1) & 


the 


reg 


boats made from reeds that grow along 
the shore of Titicaca. It is only with 
respect to the first of these uses, that is, 
with regard to certain trees and the tim- 
ber obtained from them, that 


concerned in this article. 


we are 
Taxonomy and Nomenclature 


furnished the mate- 
rial for those primitive coastwise rafts 


The trees which 


balsa ”’ 
have been placed in the genus Ochroma, 
of which, for all practical purposes, there 


and which are today known as “ 


is only one species, O. lagopus Sw. (0. 
Urb.). As many as 
eleven species have been recognized, but 
they can well be regarded as varieties of 


pyramidale (Cav.) 


one. These variations are found in the 
West Mexico 
through Central America into Colombia 
and Ecuador. 
or 


Indies and from southern 


Ochroma is one of about 
genera in the family Bombacaceae 
which includes Cezba, the silk-cotton tree 
that is the source of kapok gathered as 
fibers attached to its seeds. 

While generally referred to as “ balsa” 
down- 
and the 
timber which they vield are known in 


as * corkwood ”, “ 


and in Jamaica 


tree”’ or “dum”, these trees 


n Agricultural Relations, USDA, Washing- 
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various parts of Latin America by a 
variety of native names which are listed 
in Record and Hess’ * Timbers of the 


New World 


Description 


Balsa trees are deciduous and attain 
heights up to 60 feet or more when given 
ample room on rich well-drained soil at 
low elevation. At maturity two-thirds 
to three-quarters of their trunks may 
Growth is usually 
rapid, exceeded perhaps only by that of 


be free of branches. 


papaya; in one year a height of 12 feet 
and a diameter of two inches or more 
may be attained, and trees five to eight 
years old may be 60 feet tall and 24 to 
30 inches in diameter. 

In Keuador flowering occurs in August, 
and the large showy blossoms are suc- 


ceeded by fawn-colored fruits not unlike 


huge cotton bolls about the size of a 
man’s hand. The resemblance of the 
fruit when mature but not yet burst 


open to a rabbit’s foot presumably ac- 
counts for the specifie name lagopus. 
When the fruit 
emerges with grape-like seeds buried in 


bursts a mass of down 


it. The down consists of fibers attached 
to the seeds, but not permanently as in 
The 1000 to the ounce, 
are picked from the pods by hand when 
they are to be used for plantation plant- 
ings and for experimental purposes. 


cotton. seeds, 


Wood 
It is the wood of balsa trees that be- 
stows upon them whatever value they 
the trade of the world, for 
that wood, while not the lightest known, 
is the source of the lightest commercial 
timber. 


possess in 


There are other woods lighter 
than balsa, but they lack its strength 
and are not available in sufficient size or 
quantity to be commercially important !. 

1 According to one report (5), in which three 
specimens Of balsa are given the specific gravi- 


ties 377, .120 and .116, the following specific 
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Wood, as ordinarily known, owes its 
properties of weight, hardness and other 
features to the fact that the walls of the 
cells which COMpose it become greatly 
thickened as they mature and undergo 
complicated chemical changes, including 
deposition of a substance known as “* lig- 
nin’ in them. This process of lignifica- 
tion results in the total or almost total 
eradication within the cells 
by virtue of those cavities becoming ob- 
literated by the thickening walls. The 
result is that wood, generally speaking, 


of cavities 


is a mass of thick-walled cells, referred 


“ fibers’, which give it strength 


and other qualities. 
extremely hghtweight 


to as 
In balsa and other 

woods, however, 
this process of lignification takes place 
only to a very slight degree or not at all, 
and at maturity of the trees producing 
the which 
them are still thin-walled and have air- 
Hence their 


those woods cells compose 
filled cavities within them. 
lightness. It may be argued, therefore, 
that balsa should not 
‘wood ”’, since it has not undergone the 
lignification which is 
ture of 


be referred to as 


the essential fea- 

fetention of the 
however, in distin- 
vuishing the material of the stem from 


wood proper. 


term is desirable, 
the trees as a whole, and is used for that 
purpose in this article. 

Balsa wood does not display annual 
rings but has uniform growth, as is gen- 
erally characteristics of tropical trees. 
It is usually oyster-white, is simetimes 
tinged with shades ranging from pink to 
brown, has a silky luster and appears 
velvety to the touch. It is so soft that 
it can be dented easily with one’s finger- 
nail. Its uniform, spongy, almost paren- 
chymatous texture, because of its very 
small percentage of actual wood fiber, is 


gravities ime assigned oO five light r woods 
Cavanillesia arborea of Br izil, 106: €' platani- 
folia of Pan ima, 103: He pisvnera Claphrorylon 


of the African Nile region, 
Dp th alata of M il IVA, O58; Ar 
da, OAA4 


065: Alstonia 


1 
chynomen his- 
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nine-tenths air by volume when dried 
and one-tenth thin-walled cells. 
Well-seasoned commercial balsa has a 
specific gravity of 0.2, which is about 
half that of Its strength is half 


that of spruce wood, the modulus of rup- 


cork. 


ture being 2100 pounds per square inch, 


the crushing strength 2150 pounds per 


At present it is the lightest 
known wood having sufficient 
and stiffness to be commercially useful. 
However, Wim. T. Cox, forester-biologist 
of the Foreign Keonomie Administration 
in 1942-43, in studying Ecuador's for- 
ests felt that cuipo (Cavanillesia pla- 


square inch. 
strength 


tanifolia) '@& very large tree occurring 
in heavy stands may become important 
as a wood averaging as light or lighter 
than balsa” (4). 
that the weight of balsa is not uniform 


He also points out 


but varies from 55 pounds to 25 pounds 
per cubie foot of dry lumber, which he 
believes is a wider range than for any 
ven the heaviest 
pounds 


other lumber known. 
balsa—14 to 25 
they are not 
ordinarily desired. 


has uses, but 


those for whieh balsa is 

Locally natives have noted two types 
of trees which they eall (fe- 
male) and 
their different 


‘hembra ”’ 
(male) because of 
The tree called 
sounds squashy inside when 
with a 


‘macho ” 
natures. 
“hembra ” 
the trunk is 


struck machete, 


much as though cutting into a_ thick 
piece of cactus. El macho, while simi- 
lar in appearance, has a hard metalhe 
ring when struck, and the machete pene- 


This 


may be due to some change in structure 


trates only a fraction of an inch. 
which takes place with age. 

In general, after they are twelve years 
old, there is a tendeney for denser wood 
During 
this same period heart rot, called * water 


to form on the outside of trees. 


heart ’, frequently occurs at the center 
of the trunk. 
from young trees is preferred for indus- 
trial uses, since it is extremely light. 


For these reasons, wood 
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Physical Requirements of Balsa 


Climate. 
tropics where rainfall is great and tem- 


Balsa is a tree of the humid 


peratures have but small range and are 
constantly high. Quevedo, the center of 
production in Ecuador, has an 
annual rainfall of 100 inches. 
Rainfall varies with elevation, becoming 
heavier toward the mountains. Where 
over 100 feet above sea 
inches is the general 


balsa 
average 


clevations are 
level, 100 aver- 
The tropical Guayas-Duale-Vineas 
where 65 


Aagze., 
Keuador’s 
balsa is cut, recognizes only two sea- 


basin, percent of 


sons—the rainy season or invierno, which 
extends from December to May or June, 
and the dry season called verano or sum- 
which extends June to No- 
The wet season is broken by 
period of dry 
weather, which comes shortly after the 
December solstice. In like manner the 
dry season is broken by the inviernillo 
(little winter) or “ cordonazo de San 
Francisco’, a short rainy period which 
follows the September equinox. In addi- 
tion, the winter season may have cloud- 
less skies at times. Likewise either the 
drizzling and light rains, locally 
called the * gariia ”, or frequent dense 
morning fogs may break the drought of 
summer, 


mer, from 
vember. 


the veranillo, a= short 


mist 


The mean summer temperature in this 
area is about 77) and the mean of winter 
SO to 82 


ture and rainfall figures are comparable 


on the plain. These tempera- 
to those found in other tropical countries 
where balsa is produced. 

Topography. Balsa thrive on 
tropical coastal lowlands from sea level 
to 2500 feet near mountains where there 
is plenty of moisture plus proper drain- 
littoral of 
Keuador is not greatly handicapped by 


trees 


age which is essential. The 
topographie conditions, since most of it 
is low-lying with few hills that can be 


considered serious obstacles. 
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Soils. The best 
well-drained, moist, sandy soils of the 
jungle. 
heavy rainfall, insure rapid growth which 
As 
a result of experimental work carried on 
in Ceylon (6), the curator of the Royal 
ideal con- 


balsa tree does on 


These conditions, together with 


gives the wood its singular lightness. 


Botanical Gardens gives the 
ditions and for raising 
a) light porous or sandy soil containing 
a small amount of humus; 6) 
the sand 
may be washed up by floods; c) an ele- 
vation of not over 2000 feet; d) and rain- 
fall of approximately 100 inches annu- 
ally. 
tropics, experienced a severe drought in 
1945 when the southwest monsoon failed. 


site balsa as: 
a location 


along banks of rivers where 


Ceylon, which is in the monsoon 


Though all other physical requirements 
were met, the rainfall that year did not 
permit the 
rate of growth for marketable timber. 


balsa to maintain normal 
Distribution 


Balsa is indigenous throughout Middle 


America and the northwestern part. of 
South America. It grows in a dozen 
varieties from the southern part of 


Mexico to Peru. None grows naturally 
in the United States. 

Ecuador. 
mereial significance in Ecuador than in 


The tree has greater com- 


any other country of tropical America. 
In 1943 Ecuador controlled 95 percent of 
the world’s production, largely because 
the found in the 
amounts and best quality there. 


trees are greatest 
There are four areas which produce 
All are in the littoral, 
with Guayaquil as the principal focus of 
activity. The Piedras area in the Prov- 
El Oro (3° 10’S.), southeast of 
Guayaquil, has not been exploited and 
will no doubt be 


balsa in quantity. 


ince of 


a future source of sup- 


ply. The Santo Domingo region (15'S. 
79 10’ W.) in the Province of Pinchineha 
also has virgin forests that are un- 


touched. 
The main area of growth and produc- 
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tion is between Quito and Guayaquil, in 
the Andean foothills surrounding Que- 
vedo in the Provinee of Los Rios, where 
soil and climatic conditions are ideal for 
growth. At present 65 pereent of the 
cut in Ecuador comes from the 
(Juevedo district. Beeause of plantation 


balsa 


methods begun, as well as wild growth, 
it is expected that this will remain the 


principal producing area. It has easy 


access to the sawmills in Guayaquil via 


the many tributaries of the 


River. 
Another 25 pereent of Ecuador's com- 


Ciuayas 


mercial production comes from the area 
surrounding Esmeraldas in the extreme 
northwest of the country. Jecause of 
the great distances and operation diffi- 
culties there, it is customary to cut balsa 
of smaller diameter. This makes for a 
lighter finer grade lumber but causes far 
Most of the 
logs are floated down the Esmeraldas to 


ereater Waste in sawing. 


the mills at the port of the same name, 
but some find their way to mills at Rio 
Verde, Borbon and Limones. 

The fourth area is in Manabi Province 
a semicircle extending 
Santa Ana and then 
About ten per- 
cent of Eeuador’s production comes from 
this region, making it the third most im- 
portant production area. 
sonal rainfall which results in low water 


along the coast in 
Manta to 


north to the coast again. 


from 


Due to sea- 


conditions at times, transportation by 
streams is not always possible, so that 
trucks and a railroad spur operate be- 
tween Santa Ana and the port of Manta 
during the dry season. In the wet sea- 
son logs go by river to Manta and Bahia 
de Caraquez. This has resulted in the 
cutting of trees before they have attained 
their greatest commercial value. 

Peru, Colombia, Venezuela. Balsa 
occurs in the Amazon region of Peru, in 
the Magdalena 
and in the tropical 
Venezuela. All these countries exported 
small quantities to the United States 


fiver Region of Colom- 


bia, lowlands of 
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Fic. 1. Map of major balsa-producing areas in Ecuador. 
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from 1935 to 1941. From studies made 
in those countries. Mr. Cox (5) believes 
that while Eeuador is still the chief 


source of balsa lumber, the country has 
much less standing timber than either 


Peru or Colombia. 
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on the west side of the country in the 


provinces of Limon, Guanacaste and 
Puntarenas. Much of it is grown on 
abandoned banana plantations of the 


QMiten the logs are 


transported to mills on the narrow gauge 


Caribbean Coast. 
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Fic. 2 (Left). Balsa tree being cut for lumber near Quevedo, Ecuador 
Fic. 3 (Right) Balsa tree about two years old. Estacion Experimental Agricola del Ecuador 
Costa Rica. Costa Rican production railroads formerly used for banana 


the cut- 


tings of private individuals to substan- 


of balsa rose from negligible 
tial quantities by large-scale plantation 


Balsa is found in 


) 


operations in 1942—43. 
the San Juan area and along the 
forested boundary of Costa Rica 
Nicaragua, but occurs most frequently 


fiver 
and 


transport. 

Four sawmills were in operation in 
Limon province in 1944—at 
Bar, Siquirres, Guapiles and Limon 


Colorado 
The 
latter is a finishing plant completed by 
the 
Limon at a 


Jalsa Company of 
of $125,000. At least 


International 


Cost 


BALSA 
three other companies—Enrique Alva- 
Alvarado and 
were in operation at 


All had leased portable 


rado, Sociedad Chacon 
Iglesias-Phillips 
the end of 1944. 
sawmills. 

In 1915 the United States imports of 
balsa were chiefly from Costa Riea. It 
was treated with paraffin before being 
used in life preservers. 

Nicaragua. stands of 
balsa exist on the Caribbean coast and 
in southern Nicaragua. All export ship- 
ments from the country have been made 
from the Pacifie coast port of Corinto. 
The balsa is from the southern end of 


Considerable 


Lake Nicaragua near the Costa Rica 
border. 

Guatemala and Panama. Balsa is 
found in the dense evergreen tropical 


forests of northern Guatemala and along 
the Pacifie belt. In Panama it is widely 
used. It grows along the forested At- 
lantic coast and on the Pacifie side in 
the region southeast of the canal on the 
Veraguas and Los Santos peninsulas. 

Honduras and British Honduras. 
Balsa is common in the Atlantic coastal 
belt of Honduras. British Honduras also 
has plentiful supplies. The tree grows 
exceptionally fast there. Both countries 
export small quantities to the United 
States. 

Mexico. Balsa scattered 
tracts on the south coast of Mexico. It 
is also found southward from northern 
Vera Cruz on the Gulf Coast. On the 
west coast it grows in the dense tropical 
forests up to 2500 feet elevation as far 
north as central Sinaloa. 

Puerto Rico and West Indies. 
locally known also as 


occurs in 


Balsa, 
“eorcho’” and 
one of the commonest 
trees in this area, where it 
rapidly. It has been used here 
years for rafts. Its soft white 
serves as a substitute for cork; its bark 
vields a rope fiber; and the down from 
the fruit is used to stuff pillows. Pro- 
fessor Gifford reports that in the West 
Indies natives use it for poles 


‘downtree ”’, is 
grows very 
many 
wood 


*some- 
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what as Chinese use bamboo for 
shoulder poles, tobacco poles, ete.; all 
uses where a light, rather strong pole is 
needed”. Small boys use it for floats 
when swimming. 

Ceylon. Ceylon is the only area in 
the Old World producing balsa commer- 
cially. A specimen was introduced to 
the Royal Botanical Gardens at Pera- 
deniya near Kandy, Ceylon, in 1884. 
Experiments in growing balsa were not 
brought to puble attention until 1931, 
and after that interest was dormant an- 
other ten years until at the beginning of 
the war Australian aircraft firms sent 
urgent inquiries to the curator of the 
Gardens. Since then Ceylon has turned 
attention to scientifie production and to- 
day 
cally, balsa which is second to none in 
the world for quality ” (6). 


‘can produce easily and economi- 


Wild Trees vs. Plantations 


Wild balsa is the principal source of 
the wood today, but the trend is toward 
controlled plantation culture. Like most 
tropical trees, balsa is seldom found in 
thick or dense stands, so it is often neces- 
sary to harvest from large areas to ob- 
tain any quantity. 
abundant as second growth where clear- 
ings have been made by nature or by 
cultivation. 
by winds, trees spring up singly and in 
patches, with many other trees, in clear- 
ings. This natural seeding produces so 
many young plants that the tree Is some- 


The trees are more 


Since the seed is scattered 


times called the “ weed tree”. Its pro- 
lifie nature makes it hard to estimate 
accurately the volume of balsa. that 
exists. 


In 1937 the Ecuadoran 
passed a law requiring the planting of 
two small balsas for every tree cut for 
commercial use; thus they are assured 
of a future supply, provided that law is 
enforeed. 

Plantations are a comparatively new 
development in Eeuador. Von Hagen 
(1) wrote of the Balsera Corporation in 


government 
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Ecuador in 1940. Presumably there 
were only three plantations then. All 
were under German ownership, one of 
them under Herr Klinger. This planta- 
tion, like others, was started by cutting 
the virgin forest and firing it, much as 
the natives do when they plant their 
garden patches. Seeds were then placed 
in bamboo tubes, four inches in diame- 
ter, set upright in the ground. When 
the plants reached four or five inches in 


height, they were ready to be trans- 
planted to the open field. In one year 
some trees planted in this manner 


reached heights three times that of an 
average man. After planting, the jungle 
growth was not cut again, to force the 
trees to fight for light; hemmed in on all 
sides they had to shoot up out of the 
dark and damp toward the sun. 

Seeding in furrows has been tried more 
recently on a limited and experimental 
basis. The largest plantation in Ecua- 
dor is near Quevedo where plantation 
methods are becoming more common as 
a result of wartime stimulus. 

Companies in Middle America during 
the war frequently contracted with the 
governments, as in Costa Rica, to plant 
specified acreages within a given period 
of years. Abandoned banana _planta- 
tions served as ideal sites for the new 
experiment, since balsa trees thrive as 
Plantations 
provide trees of greater uniformity than 
the jungles and easier to exploit. 


second growth on clearings. 


In Ceylon all balsa is grown scientifi- 
cally on plantations. These were started 
as a result of experimental work of the 
curator of the Royal Botanical Gardens. 
By 1944 he had found that trees spaced 
10’ x 10’ were too close; those spaced 
12’ x 12’ had larger girth and were taller. 
Eventually 15’ x 15’ spacing proved the 
most successful. They also tried pruning 
two lateral shoots to leave one main 
stem from which to obtain a maximum 
straight trunk without knots. This ex- 
periment was a failure; crooked shapes 
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resulted from the pruning attempt to 
produce one leader. They found it best 
to leave the tree to its natural selective 
processes. Normally there will be 10 
to 12 feet of trunk 
branches into the three stems. 


knotless before it 


The Royal Botanical Gardens deter- 
mined that 5000 trees growing under 


suitable conditions will achieve five feet 
girth in four to six years and will pro- 


vide 125,000 cubic feet of light trade 
balsa. Purehasers have contracted for 
200,000 cubic feet annually. So the 


Royal Botanical Gardens advocate, for 
a beginning, the planting in Ceylon of 
at least 100 acres yearly, to yield a 
quarter of a million cubic feet at the end 
of five or six years. Seedlings would be 
furnished to the growers by the Gardens. 


Logging Methods and Operations 


At present logging methods used in 
Ecuador and elsewhere in most of tropi- 
cal America are very primitive. 
are cut 


Trees 
by hand, the workmen using 
broad-bladed axes called machetes. The 
bark is with the machete and 
removed at once by peeling off with 
then the end of the log is 
Just above the 
point a groove is cut into which a chain 
or rope is fitted to drag the log to the 
river. The bark-peeling reduces worm 
damage, skidding and 
hastens drying. 

Logging by tractor is too expensive, 
since so much road must be cleared to 
little timber. Skidding from a 
cutting area to a log deck, either on a 
stream bank or a road, may be by mules, 
oxen or human Oxen offer the 
maximum of extractive efficiency; they 
can skid logs on easily constructed trails 
and are generally used wherever pasture 
is available. In some areas where ani- 
mals are not available, logs are dragged 
out by natives. Consequently it is not 
customary to cut very far from 
roadside or streams. Light as balsa is, 


slashed 


sharp poles; 
* sniped " or pointed. 


easier 


makes 


get so 


labor. 


trees 
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hic. 4. Bark being removed from balsa log before shipment to sawmill. The bark is slashed 
with a machete, then peeled off with sharp poles. Near Quevedo, Ecuador. 
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logs 16 feet long and up to 20 inches in 
diameter are seldom cut where they will 
have to be skidded more than a mile and 
a half. 

Under present conditions the methods 
are very wasteful. In addition to the 
waste that occurs in squaring and point- 
ing the log for easy skidding, there is no 
attempt to make use of all timber of 
value in a cutting area. Balsa logs 
under ten inches or over 15 inches may 
even be left to rot in the forest after 
cutting and peeling. Smaller logs are 
considered uneconomical to move, while 
larger ones cannot always be handled by 
the facilities in some local mills. 

Logging operations lack organization. 
Sawmill operators rarely own standing 
timber (Costa Rica, an exception) and 
in combined logging 
and sawmill operations. Instead they 
depend on purchasing logs from native 
loggers, contractors or middlemen. 


so do not engage 


The type of logging operations em- 
ployed operations 
costly. So, whenever adverse conditions 
of climate, topography or transportation 
are encountered, or whenever there are 
difficulties in obtaining suitable labor, 
costs are likely to become prohibitive. 


have made _ forest 


Previous to the war natives were get- 
ting five sucres (sucre = five to seven 
cents) for a balsa log 20 feet long by 
two feet in diameter. At the same time 
a model airplane in the United States 
sold for fifty cents. It consisted of a 
piece of approximately 8 x 10 
inches. During the war, when cutting 
operations took place on privately owned 
land, the owner usually received from 
five to 20 sucres per stump, or between 
30 cents and $1.48 in United States cur- 
rency, depending on the number of logs 
cut from each. An average tree pro- 
duces two or three logs 16 feet in length. 


balsa 


If the land was government owned, the 
logger received for his labor the sale 
price of the logs. 

When oxen are used to transport logs, 
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the usual charge is one dollar per day 
for the use of the animals and 75 cents 
per day wages for the owner and driver. 

Sometimes a broker may employ 
natives at 15 to 25 cents for each log 
cut, peeled and grooved for raft riding. 
Natives employed on balsa plantations 
as laborers receive an average of 65 
cents per day in addition to food. If a 
laborer is not under contract or does not 
work on a plantation, he sells the logs he 
cuts to brokers in towns along the main 
rivers. The brokers also engage laborers 
to make up rafts for transporting the 
logs to the sawmill areas. 

Logs are cut only a few weeks in ad- 
vance of milling and shipping because 
exposure induces deterioration. Green 
balsa is highly perishable and may spoil 
quickly simply by exposure to the sun. 
Practically all logs are rafted 
rivers to mills at river ports. From the 
loading decks the logs are pushed down- 


down 


stream to where there is sufficient water 
Rafts are made up of 
ten to 50 sections, each section consist- 
ing of 15 to 20 logs. In many cases huts 
are built atop the rafts and raftsmen 
pick up agricultural products along the 
Rafts 
leaves or 


to handle rafts. 


way to take to coastal markets. 
banana 
weighted down with hardwood logs, char- 
coal or salable articles to keep them 
shaded and nearly This 
reduces checking 


rafts are 


are covered with 


submerged. 
greatly insect and 


damage. Sometimes when 
weeks getting to mills there is a great 
loss of lumber and reduction of quality. 
If logs ride high in the water, polhia 
(larvae of the ambrosia beetle) work in 
the wood above water and the hot sun 
checks the logs badly, so that one-third 
to one-half the contents of the logs are 
If moisture content can be 
kept high enough until the logs reach 
the mill, it tends to prevent development 
of fungi also. 

Fresh much 
greater percentage of water than older 


worthless. 


peeled logs contain a 
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logs but 


are still quite buoyant. Once 
dried they do not take up much mois- 
ture. Logs lying in the Guayas River 
12 vears were only 65 percent  sub- 
merged. Balsa rafts held in backwaters 
for years at Iquitos and along the upper 
Amazon are still buoyant and do not 
easily waterlog. 

The Guayas River provides outlet for 
balsa from Quevedo to Guayaquil. The 
trip from Quevedo down to the milling 
area takes six or seven days in the rainy 
season and about two weeks in the dry 
season. In the northwest the Esme- 
raldas River is used to the port of the 
same name. When water is high enough 
to raft all the logs, the time required 1s 
about four days. Only smaller logs can 
be floated during the dry season, and the 
time in transit is longer because there 1s 
In Manabi 
Province balsa goes by the Rio Seco de 
Manta to Manta and by the Rio de 
Chone and its tributaries to Bahia de 
Caraquez during the rainy season. When 
trucks and railroads have to be used 


no other means of transport. 


during the dry season, the transit time 
to Manta is reduced to one day. 

The comparative costs of shipping logs 
from the cuttings to Guayaquil, Esme- 
raldas and Manta are not appreciably 
different. 
some basis for a higher price of logs at 
Ksmeraldas and Manta because of the 
transportation difficulties during dry sea- 
In 1946 the price of a delivered 
log at Guayaquil was estimated at 45 

about $3.30 in American 
Broken down into various 
charges on a per log basis and given in 


However, there appears to be 


SOns. 


sucres or 


money. 


terms of United States currency, the 
average price includes: 


Felling, peeling and transporting 


to. f1VeOr DAME ..cik.isccavccca $0.55 
Making up rafts (per section of 15 

logs, one man making three sec- 

ION OOF GOW). coc ccaccaniidaas 2.00 


Tax for river passage at Guayaquil 0.15 
Tax payments at Vinces ...... ag 0.06 
Transportation to Guayaquil .... 0.18 
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Cost of labor ind other tr inspor- 
PRUE - wliatiwseies Jeveunee ae 0.40 


Total .. PaLSe . $3.14 (7) 


No comparable information is avail- 
able on logging operations and methods 
in other balsa-producing countries. 


The Sawmill Industry 


The principal sawmills of Costa Rica 
have been mentioned elsewhere as being 
under the management largely of United 
States companies. 

Keuador’s primary sawmills are lo- 
cated at Guayaquil, with 
Ksmeraldas, 


others at 
Manta, Rio Verde, Bahia 
de Caraquez, Borbén and Limones. In 
1943 there were reportedly 33 sawmills 
in balsa production, with 22 of them 
located in the Guayaquil area, nine in 
the Esmeraldas area and the remainder 
in the Manabi district. 

Before the war these mills had a mot- 
ley assortment of equipment—gangsaws 
from England, American circular saws 
and planers, and German equipment to 
a smaller extent. 
provided by 


Motive power was 
German steam engines, 
French airplane motors and American 
automobile engines. 

The demand for balsa during the war 
changed the apparatus in a majority of 
the mills. Considerable American equip- 
ment was imported, and, due to Ameri- 
can efforts to assure adequate produc- 
tion, the balsa sawmills became fully 
equipped. Most mills now have circular 
saws to cut logs into boards and planks, 
some have frame saws, and one mill has 
a band saw. Electricity has displaced 
the steam and gasoline power in the 
Guayaquil area. Power is supplied by 
the Empresa Electrica del Ecuador in 
Guayaquil, and mill owners find it more 
economical. With decrease in balsa de- 
mands these mills can and have in some 
instances been converted to other hard- 
wood production. 

Most balsa mills receive logs at the 
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riverside where undivided logs are sepa- 
rated from incoming rafts 
and then are drawn from the river by 
winches or powered cables. 


sections of 


After saw- 
ing, the lumber must be thoroughly dried 
by kiln or sun to meet foreign market 
standards. Such practices, as we know 
them, were not customarily carried on 
by Ecuadorans, with the result that the 
wood was subject to checking, splitting, 
warping and shrinking. 

The demand for balsa led to the intro- 
duction of standard 
drying methods. Air- or sun-drying re- 
quires an average of 20 days in the dry 
season and about two months during the 
rainy season. It reduces moisture con- 
tent to equilibrium at 15 to 18 percent. 
One common method of sun-drying is 
to end-stack the 
against a 


air-seasoning and 


boards, resting them 
horizontal rack. Another 
method is to stack the lumber in alter- 
nate parallel layers so that succeeding 
boards are laid at right angles to the last 
placed layer. Air-seasoning and storage 
are out-of-doors but should be under 
protect from rain and sun. 
Balsa shavings are used to minimize the 
effects of the damp ground. A four-inch 
stock may be air-seasoned by end-rack- 


roofs to 


ing during the dry season in as short a 
period as three The method 
takes longer but is much less expensive 
than kiln-drying. 

Despite the rapid air-drying nature of 
balsa, the urgency of demand 
great during the war that kiln-driers 
were installed. This reduced drying 
time for a four-inch stock to five days 
and the moisture content to eight per- 
cent. However, moisture content goes 
up quickly to 14 or 15 percent when the 
wood is removed from the kiln. Often 
25 percent moisture is absorbed on ship- 
board, so kiln-drying may have to be 
repeated at the shipping destination. 


weeks. 


Was sO 


Fic 5 (l ppe M2: 
Fic 6 (Lowe gh 
Ecuador. 
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The war experience did prove that 
kiln-dried wood from Ecuador is more 
uniformly seasoned and so can command 
a higher price if the kilns are properly 
handled. {ica found during the 
war that inadequate equipment and un- 
skilled kiln operators resulted in as high 
as 40 to 50 percent waste in drying. 
Often it was heated too quickly or highly 
for such softwood, leaving a moist center 
surrounded by dry wood. Therefore 
Costa Rican operators concluded _ it 
would be more feasible and economical 
to air-dry in the country of origin and 
kiln-dry in the United States if the use 
to be made of the wood required it. Full 
utilization of the kiln and other indus- 
trial installations in Ecuador would re- 
quire a higher level of production than 
the present decreased world demand for 
balsa. 


Costa 


Mill Production Costs 


Mill production 
compute. 


hard to 
Unpredictable losses through 
wastage are large. Approximately 25 
percent of all logs delivered to the mills 
are defective, a condition which cannot 
be detected prior to cutting. 
most reason for 
heart ”’, 


costs are 


The fore- 
rejection is ‘ water 
caused by structural change of 
fiber during growth and most common 
in the larger trees. Again this cannot be 
detected until after the wood is cut and 
is being seasoned, at which time the 
shrink excessively. 
Other logs contain worm holes, cracks or 
checks, or other defects developed en- 
route to the mills, which either reduce 
their classification and purchase price or 
make them unsuited to commercial use. 


fibers collapse or 


Since most trees contain sweeps, curves 
or slight bends, it is exceptional to find 
16-foot logs entirely straight the full 
length. The loss in sawing in this case 
could be avoided by cutting shorter logs. 


Balsa log rafts at the sawmill in Guayaquil. 


dock at Puerto Bolivar, El Oro Province, 
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The scale of wages paid in the saw- 
mills customarily ranges from six to 15 
sucres (44 cents to $1.08) for an eight- 
hour day. In Guayaquil and some other 
sawmill areas local regulations require 
double pay for overtime work. 
eral the workers are unskilled, unorgan- 
ized and change employment frequently. 


In gen- 


All employment is subject to regulation 
under Ecuadoran labor laws which 
quire: a) a certificate of identification ; 
b) provision for adjustment of labor dis- 
putes—employee has recourse to a com- 
mission, employer considered at fault 
until proved otherwise; c) regulations 
for granting sickness and injury pay, 
and payment to discharged persons; d) 
payment of one month’s salary to dis- 


re- 


missed employee if he has worked with 
company a year, and higher payments 
for longer service. 


Grading 


Except in the establishment of rules 
for grading balsa, there is no similarity 
between the general policies and prac- 
tices that govern the Ecuadoran lumber 
industry and that of the United States. 
A system of orderly grading was intro- 
duced by the United States Office of 
Economie Warfare to assure standard 
classification and quality of balsa for 
use in foreign markets. Each grade 1s 
identified by weight properties and de- 
gree of acceptable defectiveness. 

Classification “AA” is known as “ air- 
grade’ lumber. Weight the 
greatest differential, but the wood must 
Grade 


here is 


also be entirely free of defects. 
“A”, though heavier and containing 
slight defects not of structural impor- 
tance, is considered to 
SAA”. Much depends on inspection, 
where defects are judged in grades “ B” 


almost equal 


and “C”. Grade “B” is commonly 
used in life rafts and industries other 
than aircraft manufacturing. Shorts 


have more defects than Grade ‘“‘C” but 
are Classified separately, more because 
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they are not of standard dimensions in 
length or width (7). 

Grading is the Keuadoran 
sawmills to enable ships to 
Guayaquil with lumber for a 
States destination second sort- 
ing and Ecuador 
also adopted the use of the United States 
standard lumber rule. One-fourth inch 
under is allowed for planing. The “ Old 
Keuadoran ” method, in which the thick- 


done at 
load at 

United 
without 


consequent rejects. 


ness and length are taken to the nearest 
lower full inch, is also commonly used 
and is an advantage to the buyer. When 
lumber is bundled a third method known 
as “ cubing ’ 
computation of length, width and total 
thickness of the bundle is made in meas- 
uring. The advantage here rests with 
the seller who gains as much as 15 per- 


is used, in which a single 


cent in volume because of spaces between 
the bundled boards. 

Ceylon has its own grading system 
Light (first grade), Medium and Heavy. 
First grade lumber is so light that the 
trees from which it is cut add one foot 
to their girth in one year, and the wood 
when dried naturally scales only 73 
pounds per cubie foot. Even Medium 
balsa (nine to 11 pounds per cubic foot) 
and Heavy balsa (11 to 15 pounds per 
cubie foot) compare favorably with cork 
and substitute for it. 
Wood graded on the Ceylon basis and 
sent to the Melbourne Aircraft Company 
of Australia in 1941 proved superior to 
Keuadoran and Mexican balsa received 
at that time (6). One Ceylon 
vielded 155 cubie feet and had a nine- 
foot girth at its base. 


are a suitable 


tree 


Marketing Balsa 

Very little balsa cut in Ecuador or the 
other producing countries is used do- 
mestically. Practically all is exported. 
Before the war 85 percent of Ecuador's 
balsa exports were to the United States, 
between three and five percent to Great 
Britain, and less than ten percent to all 
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other countries. Other pre-war custo- 
mers included France, Germany and 
Japan. From 1935 to 1941 Ecuador sup- 


plied 99 percent of the balsa needs of the 
United States and Great Britain. Costa 
Rica, Guatemala, Nicaragua, Colombia, 
Panama and Venezeula all produced 
small quantities during this period. 
During the war the United States ab- 
sorbed 90 percent of the total shipped, 
and the United Kingdom took practi- 
cally all the rest for use in airplanes. 
Peru, Canada, Curacao and Australia 
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ports from Ecuador dropped 64 percent 
from October, 1945, to October, 1946. 
The United States continued to provide 
Kcuador’s best market, taking 94 per- 
cent of the export. The decline con- 
tinued during 1947 despite efforts of sev- 
eral United States importers to develop 
new uses for the wood. In the first ten 
months of 1949 exports from 
Ecuador were valued at only slightly 
over two million sucres or about five 
percent of their all-time high in 1948. 
Pre-war markets were negligible, prob- 


balsa 


became markets for the remainder. ably due to lack of information. Be- 
Balsa obtained shipping priority and tween the two world wars Costa Rica 
TABLE | 
INITED STATES IMPORTS OF BALSA—1944 
a Balsa 
Comme (1,000 bd. ft.) Outen 
Mexico 34 (sawed boards) 3,145 
Nicaragua — i 3,174 
Guatemala Loey. ti‘ = 93,545 
Colombia 1284 °” cs 100,411 
Costa Rica 1,990 nil ‘ 194,642 
Chile iss .0l(”’ aK 11,256 
Ecuador (1) 3,438 =”’ - 268, 180 
Ecuador 3.759 ” - 2,023,120 
Ecuador 52 (logs) 2,454 
Total 33,776 2,697,475 


(1) Free under Executive Order #9177. 


moved freely from all ports because of 
its strategie character. 

According to the Pan-American Year- 
book for 1945, Eeuador’s balsa exports 
in 1943 were valued at 43,418,722 sucres, 
$3,000,000, which 
the rank of third most 


balsa 
export 


or about vave 
valuable 
of that country for that year. 

In 1944 the United States imported 
balsa from the countries indicated and 
in the amounts shown in Table I, which 
is based on the report of the Foreign 
Commerce and Navigation of the United 
States for that year. 

The enormous increase in demand for 
began to 
Balsa ex- 


the wood for wartime 
decline soon after mid-1944. 


uses 


and Ecuador supplied most of the United 
States demands for five million 
vear, two-thirds of 
used in model airplanes. 

on Ecuador’s 


board 
which 
In reporting 
resources In 1947, 
kX. F. Horn, a professional forester, said 


feet a was 


forest 
balsa lumber is expected to be more in 


demand than at the 
war. 


any time before 


Labor Supply 


Of the 3,250,000 people in Ecuador, 
approximately two million live in the 
Sierra, one million in the coastal prov- 
inces and the remainder in the Oriente. 
Spanish and other whites make up eight 
percent of the total population; Indians, 
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27 percent; mestizos, 54 percent; negroes 
and the 
remaining all 


and 
from 


mulattoes, eight percent, 


three percent are 
other races. 

Indians and mestizos, who occupy the 
Sierra highlands, are interested primarily 
in tilling the land. They are self-suffi- 
cient for the most part, so that the forest 
holds no interest except as a 
firewood. The peoples of the littoral 
mestizos, and 
gaged in producing plantation crops for 
export. 
labor. 


source ol 


negroes others—are en- 

This creates a competition for 
The primitive Indians who in- 
habit the Oriente are interested mainly 
in clearing the land for subsistence farm- 
ing. 
lumbering in any way comparable with 
that of the native labor in the littoral, 
or even that of the Sierras. 


They have had no experience in 


In the coastal region where rubber and 
balsa are collected, an area comprising 
30,000 miles, the population is 
estimated to be 550,000, an 
18 per square mile, a high ratio as com- 
pared to the moist tropics elsewhere. It 
provides a fair quota of agricultural 
Nevertheless Ecuador has a 
When the chief crops of 


square 


average of 


laborers. 
labor problem. 
CACAO, bananas, sugar, rice 

are being harvested during Mareh, April 
and May, shortage of laborers ensues. 


this region 


Then balsa enterprises must compete for 
workers. There is also severe competi- 
tion with rubber tapping and cinchona 
bark gathering. 

At the present time the balsa industry 
must with a deficient 
Although there are possibili- 
ties for recruiting labor among certain 
Indian tribes and other population 
groups, much work will be necessary 
before any significant additional labor 
foree for balsa enterprises can be 
cured. However, certain districts in the 
Province of Manabi, which exports con- 
siderable balsa, are inhabited by de- 
industrious Cara 
Limited increase in numbers of laborers 
from these tribes is possible. 


compete labor 


market. 


se- 


scendants of tribes. 
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behef that the 
laborers when trans- 


There is a common 
health of Andean 
ferred to the less invigorating climate of 
the coast is affeeted adversely, so that 
labor is not available to the coast. The 
Indian population of the coast is not 
large and cannot be depended on to fur- 
nish laborers in numbers. 

In the Provinces of Guayas, Manabi 
and Esmeraldas there are estimated to 
be about 7,000 African Negroes who are 
drawn on to extent to the 


some serve 


balsa industry. 


Uses and Future of Balsa 


Nearly 500 years ago Indians under 
the rule of the Incas were using balsa 
rafts to transport armies and equipment 
up the Guayas river, and ever since then 
the natives of that region 
making almost identical 
peaceful pursuits up and down the same 
and Keuador. Other 
than such native primitive utilization, 
balsa found almost no employment until 
1911 when a few thousand logs entered 
world Shortly thereafter 
World War I brought balsa out of the 
tropical jungle, both literally and _ figu- 
ratively, and put it to work in life pre- 
The British used the wood at 
that time in 80,000 floats that supported 
their mine barrage in the North Sea. 

It was until 1936, however, that 
balsa became a significant item of peace- 
Prior to that year its chief 
uses were for toys and manual training 
schools where it served well for cutting 
into model airplanes, toys and other 


have been 


rafts for more 


other streams of 


commerce, 


servers. 


not 


time trade. 


models. Other uses in minor quantities 
included loud speakers for radios, sound- 
proof construction and movie props. By 
1936 its suitability, because of its great 
buoyancy, for use in life preservers, life 
floats, swimming belts, pick-up buoys, 
floats, and 
surfboards became appreciated, and with 
the advent of World War IT its 
multiplied and the old ones were pro- 
of its value at that 


submarine mine pontoons 


uses 


moted. Because 


5 | yal lift, {. 


Tl 


IG 
iG 


usually 


7 


7 ({ ppei ) 
Ss (Lowe ) 
wel 


Balsa logs being transported by 


Sawing balsa logs Is difficult bee 


truck from Quevedo to the sawmill 


ause the wood is fibrous and the logs are 


Cd 
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time for plywood in the construction of 
the 400-mile per hour British Mosquito 
it was classified by the War 
Production Board as a strategic material 


bombers, 


of war, and efforts were made to culti- 
vate the trees on plantations as a sup- 
plement to the wild supply. As noted 
under grading, the balsa utilized in air- 
plane construction had to 


pass more 


Balsa drving in the 


Kia. 9 
wooden airplane construction 


“un 


stringent inspection than wood used for 
life-saving equipment, and toward the 
end of the 
firmly bonded with sheets of aluminum 
alloy for extremely light airplane con- 


war sheets of balsa were 


struction. 

Present-day uses of balsa fall into six 
categories: a) aircraft construction; 6) 
buoyancy apparatus; ¢) toys and models; 


d) insulation; e) packing crates; f) house 


BOTANY 


building. Each of these broadly 
speaking, requires a specific grade of the 
material, and in some cases it must first 
be treated. Airplane manufacturers use 
it for fairings and for the inside walls of 


its 


Uses, 


passenger compartments because of 
lightness and strength, combined with its 
sound- and vibration-absorbing quali- 


ties. For use in naval rafts, life pre- 


This lot is being inspected before shipment to England for 


floats the wood must be 


water-proof 


servers and 


covered with material to 
prevent it from becoming water-soaked. 
Toys and models are obvious outlets be- 
cause of the lightness and workability of 
As an insulating material against 
both heat and cold in incubators, truck 


bodies, ship holds, refrigerators and cold 


balsa. 


it is ideal, sinee, in addi- 
tion to being extremely light, 


storage rooms, 


it is odor- 
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less and when treated offers resistance to 
absorption of moisture. For these same 
reasons it is extremely valuable as a 
material for constructing various types 
of containers for transporting dry ice. 

Its resiliency, combined with strength, 
and a smooth soft surface, makes balsa 
an excellent shock-absorbing material. 
Because of these qualities it has found a 
major use in pads as protective packing 
against damage when shipping pianos, 
finely finished furniture, high quality 
radios, sensitive instruments, fragile 
ceramics and similar articles. Factories, 
too, find use for it to absorb vibrations 
of machinery. 

Though world markets for balsa have 
experienced a huge decline when com- 
pared with wartime demands, balsa is 
expected to remain in greater demand 
than at any time before the war. Its 
utilization for small gliders and planes 
as well as in life rafts will continue, and 
there is likely to be a demand for it in 
model plane construction. All the other 
fields already mentioned have prospects 
for growth, and additional ones undoubt- 
edly will develop. Among the latter, one 
suggested outlet is as a type of 
“fill” for an extremely lightweight ten- 
The brightest future for 
balsa lumber, however, would seem to be 
in the box industry, particularly in rela- 
tion to airplane freight where lightness 
of material combined with strength 1s so 
important. Development of this field 
should be a great boon to South Ameri- 
can countries where air freight is often 
the only feasible means of transport to 


new 


nis racket. 


interior places. 

House construction is the least devel- 
oped field of balsa utilization, but it is 
reported that in Ceylon, where a light- 
weight wood for ceilings is needed, balsa 
may be used for that purpose, now that 
it is being produced in the island since 
America during 


its introduction from 


recent years. 
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Conclusion 


Keuador owes its leading position in 
the balsa industry to favorable natural 
growing conditions and inexpensive labor 
for cutting, collecting and shipping. As 
a result of the war and largely through 
United States efforts, many new methods 
of inspecting, grading, milling and han- 
dling balsa wood were introduced. Balsa 
plantations, although a new develop- 
ment, are very promising in outlook and 
certainly will assure a future balsa sup- 
ply. Such plantations, taking advantage 
of abandoned banana lands where balsa 
thrives as second growth on old clear- 
ings, will also provide greater uniformity 
of product and other scientific controls 
over future production. 

The world market shows a decline in 
demand for the one wood from Ecuador 
that has been the object of specialization 
Nevertheless the future 
outlook for balsa, though the market be 
only a small part of the expanded war- 
time production, is more promising than 
for other tropical logs and lumber. The 
world’s potential consumption of balsa 
remains a matter of speculation, but a 
continuing small world market does exist. 


for sale abroad. 
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Their Indust 


eal Production of Enzymes and 
rial Applications’ 


Bacteria and other fungi are industrially cultivated in a 
variety of ways for the commercial production of some 
25 enzymes utilized in many industries ranging from the 
conversion of starch to fermentable sugars, through chill- 
proofing of beer to bating of hides. 


C. V. SMYTHE 


Roh moan 


Introduction 


kenzymes organic catalysts pro- 
duced by living cells and utilized by such 
cells to catalyze the chemical reactions 


The activity of 


are 


of their life processes. 
enzymes is completely independent of 
the life of the cell that produces them. 
Individual enzymes can be obtained as 


isolated molecular species and in many 


eases can be crystallized. Those that 
have been isolated in pure form are all 
proteins, and many that have not vet 
been isolated behave as proteins. — It 
therefore seems probable that all en- 


zymes are proteins. At the present time 
there is no practical procedure for svn- 
thesizing a protein except by means of a 
living cell. Therefore, the source of all 
enzymes is living matter. 

No 
exist. 
studied. 
additional hundred has been established. 
New ones are being described frequently. 


one knows how many enzymes 
A few dozen have been thoroughly 


Possibly the existence of an 


Some people have even proposed that all 
proteins are enzymes. In this paper we 
shall make no attempt to consider all the 
known enzymes but. shall 


selves to the relatively few 


confine 
that 
found employment in industrial appliea- 


our- 


have 


tions and that are now, or readily can 
regular In 
keeping with the title of the paper we 


be, articles of commerce. 


1 
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shall further limit the field to those in- 


dustrial enzymes that are produced by 
microorganisms. It must of course be 
realized that not all information con- 


cerned with such production ls freely 
available. 
Production 
All microorganisms contain some en- 
ZVNes. 
results in growth of a 


Therefore, any procedure that 
ls 
a procedure lor producing some enzymes. 


Mucroorganisin 
Since Many microorganisms can be grown 
with ease, they offer an attractive source 
of enzymes. However, not every organ- 
ism Contains every enzyme, and in many 
cases the concentration of any one en- 
zZyine is so low and the concentration of 
unpurities so high that a practical pro- 
cedure for preparing any enzyme in con- 
centrated form is difficult to find. The 
number of microorganisms that has been 
found to produce enough of any one 
of commercial interest is 
No this situa- 


tion is in large part due to our lack of 


enzyme to be 


strictly limited. doubt 


knowledge about other microorganisms 
and about the conditions necessary for 
enzyme production. 

In a general we that 
microorganisms fall into two groups in 
the sense that they either retain their 


enzymes within or attached to the cells, 


way nay say 


or that they exerete them, or at least do 
not prevent them from diffusing readily, 
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to the surrounding medium. In the first 
group the actual enzyme content of the 
cells may vary widely as the conditions 
vary, but for any one set of conditions 
the enzyme produced is strictly propor- 
tional to the number, or to the mass, of 
cells produced. In the second group the 
amount of enzyme retained by the cells 
may be only a small part of the enzyme 
found in solution in the 
medium. 


surrounding 
In this case there may be no 
direct proportion between the enzyme 
produced and the number or 
cells produced. 


mass Ol 
A typical example of the 
Nor- 
cells 
demonstrable 
amount of the enzymes that are abun- 
dant within or on the cells. If the cells 
are centrifuged off, the enzymes are quan- 
titatively removed. In 


first group is the usual yeast cell. 
mally, a which 
contains no 


medium in veast 


are growing 


contrast, when 


Aspergillus niger is grown in a liquid 
medium, most of the enzymes, or at least 
most of certain enzymes, produced are 
in the medium, and when the organism 
is centrifuged off a cell-free enzyme solu- 
tion remains. The latter group is far 
more important for commercial produc- 
enzymes, 


tion of but for historical and 


theoretical reasons it seems desirable to 
consider yeast first. 

Yeast. Yeast has been produced com- 
merelally for vears. It 
variety of uses, and some of them are 


many has a 
only indirectly connected with enzymes. 
The main use is for conversion of sugars 
The 


demonstration that this reaction is enzy- 


to ethyl aleohol and carbon dioxide. 


matic (1) and is not dependent upon 
veast cells is certainly one of the major 
landmarks in the development of enzy- 
mology. Almost without interruption 
since the original demonstration of it’s 
enzyme nature, work has continued upon 
the details of this fermentation reaction. 
It would be difficult today to find another 
biochemical process that is known in as 
much detail (2) as is this aleoholie fer- 
mentation and the closely related process 
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of muscle glycolysis. Many of the en- 
zymes that participate in the process 
have been obtained in crystalline form, 
and much briliant work has been done 
in unravelling their interrelationships. 
Comparison of this work with the com- 
mercial uses to which yeast is put brings 
out rather pointedly the great gap be- 
tween them. Yeast was used to carry 
our fermentations for many years before 
the enzymatic nature of the reaction was 
realized. The realization and subsequent 
elaboration have brought some changes, 
especially in the production of yeast, but 
not sO many as one might think. 
Industrial production of ethyl alcohol 
by yeast is a typical example of a con- 
siderable group of processes that have, 
rightly or wrongly, come to be known as 
“fermentations ”. They are basically 
enzymatic reactions that are carried on 
with the use of the intaet microorganism 
as the source of enzyme. They function 
because the substrate is small enough to 
diffuse readily into the cell and because 
the products desired are small enough to 
diffuse readily out. In cases the 
overall reaction represents the action of 
numerous enzymes, but 


most 


the intact cells 
ean also be used for some simple reac- 
tions, such as hydrolysis of sucrose. 
cells have fre- 
quently been used as reducing agents. 
We shall not 


further here, but shall confine our atten- 
tions to and 


Similarly intact yeast 


consider these processes 


enzymes isolated sold as 
chemicals. 

Yeast may, of course, be a source of 
To obtain 
them it is necessary to rupture the cells, 
and one then obtains a mixture of many 
enzymes. In 


mixture 


isolated commercial enzymes. 


some cases such a crude 
can be used, even though the 
activity of only one enzyme contained 
in it is desired. The erude mixture may 
also be applheable in some cases where 
the intact cells could not be used, for it 
can attack substances that could 
not penetrate the cell membrane. In 


now 
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most however, the mixture must 
be fractionated and the enzyme desired 
obtained in a partially purified state. 
Various methods applicable to the puri- 
fication of enzymes are well known (3). 
Many of the enzymes that have been 
prepared from yeast have found no in- 
dustrial application, but invertase and 
examples of 
yeast enzymes. 

Invertase is normally prepared from 


Cases, 


lactase are commercial 


the common yeast, Saccharomyces cere- 
Brewers, bakers and distillers 
strains of this yeast are all active. Lac- 
tase is normally found only in lactose- 
fermenting 


visiae. 


yeasts, such as Saccharo- 
and Torula 
Other yeasts that have been employed 
are Mycotorula lipolytica for lipase (72) 
and Ashbya gossypu for riboflavin (86). 

Other Fungi. A number of the exam- 
ples brought forth during and 
World War II have impressed on many 
people the remarkable ability of fungi 


myces fragilis cremoris. 


since 


to grow under what to humans appear 


like very unpromising conditions. Such 
ability to survive and multiply under 
difficulties does not necessarily indicate 
that fungi are easy to grow on an indus- 
trial Much naturally occurring 
fungal growth is far too slow to be of 
commercial interest. The industrial use 
of fungi, particularly in the production 
of beverages and food accessories, 
largely pioneered in the Orient. Prepa- 
ration of a fungal amylase was intro- 
duced into this country by Takamine 
(4). Gradually the preparation of other 
enzymes from various fungi has devel- 
The best known, in addition to 
various diastase preparations, are prote- 
pectinases, lipases and hemicellu- 

Frequently the same or similar 
enzymes can be prepared from other 
In addition to the 
relative ease of production, the proper- 
ties, such as stability and pH optimum, 
enter into the choice of what enzyme to 
use in any particular application. In 


scale. 


Was 


oped. 


ases, 


lases. 


than fungal sources. 
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retain 


their 
activity in acid solutions quite well. A 


general, fungus enzymes 
fungus amylase (Taka-amylase) has 
been highly purified relatively recently 
(5) and its action on starch studied (6). 

A survey of some 365 fungi for dia- 
stase production was carried out at the 
Northern Regional Laboratory (90). Of 
this group 42 considered active. 
Those that have received the most atten- 
tion are (27, 29): A. A. foetidus, 
A. oryzae, A. flavus oryzae, A. 
A. alliaceus and A. 
production A. 
(66); for riboflavin production, Eremo- 
thecium ashbyuv (87, 88). For pectinase 
production several Aspergilli, Penicillium 
glaucum and two species of Rhizopus 
have been claimed (91). 

Bacteria. 


were 


nige Y, 
fuscus, 
wentu. For lipase 
luchuensis has been used 


The aerobic spore-forming 
bacteria are the ones chiefly employed 
for production of industrial enzymes. 
The reasons for their selection are that 
they can be made to show rapid growth 
on relatively inexpensive media, and the 
enzymes desired are found in solution in 
the media in relatively high concentra- 
tion. Of many 
are employed for special purposes. 


bacteria 
Non- 
pathogenie organisms are always chosen 
for any industrial 
such a choice is possible. 

Diastase of bacterial origin enjoys 
considerable popularity at the present 
time, due largely to the fact that it can 


course, other 


purpose whenever 


be made to be quite heat-stable. For 
most other applications bacterial en- 
zymes must compete with those from 


other sources. Amylases of B. subtilis 
(7), B. macerans (8) and B. polymyxa 
(9) have been purified and studied. 

B. subtilis has also been used for prote- 
ase production (13). B. mesentericus is 
frequently claimed to be similar in en- 
zyme production to B. subtilis. Bacillus 
brevis has also been described for prote- 
ase production (22). Leuconostoc mesen- 
and 
Neisseria perflava have been found to 


teroides. Stre ptococcus salivarius 
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produce enzymes that synthesize carbo- 
hydrate polymers (40). £. Coli has been 
used to produce glucuronidase (81). 

Bran Type Media. Takamine’s early 
work was primarily concerned with 
Aspergillus oryzae grown on a moistened 
wheat bran medium. Other preparations 
made in the Orient employed a steamed 
rice bran. In both cases the bran serves 
at least two functions. It furnishes a 
porous structure that provides a large 
area of surface with ready access to air, 
thus permitting growth throughout it, 
and it provides fairly good nutrition. In 
most Cases it is necessary, however, to 
add other nutrients for optimum pro- 
duction. 

The use of bran has been widely fol- 
lowed with minor variations. The pro- 
cedure is still best known as a means of 
producing diastase. During the recent 
war there was considerable interest in 
the use of “ mold bran” in place of malt 
for conversion of starch in the fermen- 
tation industries. “ Mold bran” is merely 
a dried culture of an amylase-producing 
mold grown on a moist medium. 
The used is almost always 
some form of Aspergillus, frequently A. 
This use of “mold bran” in 
alcohol production was tested by Taka- 
mine years ago (4). 


bran 
organism 


oryzae. 


Recent studies on 
its production and use have been sum- 
marized by Underkofler (10). 

Use of the medium is by no 
means limited to the production of dia- 
stase. A large number of fungi and some 
bacteria can be induced to grow and 
produce enzymes on solid media contain- 
ing bran as a base. 
cedure is in on 


bran 


Of course, the pro- 
way limited to wheat 
bran, for any similar product may be 
used. Among the enzymes that have 
been produced in this way are proteases, 
lipases, pectinases, cellulases, hemicellu- 
lases, phosphatases and oxidases. 

The bran type media have some seri- 
ous disadvantages when used on a large 
scale. One of them is the difficulty of 
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removing the heat produced by the grow- 
ing culture before it increases the tem- 
perature of the medium to the point that 
it hinders the production of enzymes or 
actually damages those already 
duced. 


pro- 
The magnitude of the heat pro- 
duction can be readily gauged by the 
loss in dry weight of the culture. In 
many cases it will be found that one- 
third of the dry weight has disappeared 
in 48 hours or less. In a number of such 
cases it can be demonstrated that almost 
all of the loss in dry weight is due to the 
oxidation of organic compounds to CO. 
and loss of it to the atmosphere. Even 
on the basis of minimum heat production 
it can be readily calculated that the oxi- 
dation of this amount of organic matter 
produces enough heat to raise the tem- 
perature of two to three times the cul- 
ture’s weight of water 10° C. every hour 
from inoculation to harvesting. A fre- 
quently used procedure is to try to re- 
move this heat by circulating air. If 
aseptic conditions are to be maintained, 
the air must be sterile, and if drying of 
the culture is to be avoided, the air must 
be saturated with moisture. Since the 
heat capacity of air is low, large quanti- 
ties are required to remove the indicated 
amount of heat, and the supply of such 
quantities of sterile moist air is no minor 
matter. In order to facilitate heat re- 
moval it is a common practice to spread 
the medium out in thin layers, one to two 
inches deep. Obviously such a practice 
requires a large surface and increases the 
difficulty of maintaining aseptic condi- 
tions. Tiers of trays may be used (11), 
but, unless they are cooled by water or 
some other means, the above difficulties 
remain. 

As far as controlling contamination is 
concerned, great reliance is frequently 
placed on the fact that the desired fun- 
gus will grow on a strongly acidified 
medium, whereas many undesirable con- 
taminants will not. In some cases the 
air supplied is not sterile, and many 
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times the temperature is not adequately 
controlled. Some fungi will still produce 
enzymes under such conditions, but the 
Most 


bacteria cannot be grown satisfactorily 


production is far from optimal. 


under such conditions. 

Another method of employing the bran 
type medium is to put it in a drum and 
keep the drum rotating during the grow- 
ing period. If the drum is built to with- 
stand pressure the contents can be auto- 
claved and, after cooling down, inocu- 
lated. The rotation keeps the medium 
broken up and to some extent facilitates 
heat removal. A 
made to work quite satisfactorily with a 
water jacket for cooling. As the size of 
the drum is increased, if the batch size is 
increased proportionately the difficulties 
the efficiency of a 
and 
removal 


small drum can be 


of control increase, 
water jacket for cooling decreases, 
some additional means of heat 
is required. 
drum for a portion of the growing period 
and a stationary layer of medium for 


A combination of a rotating 


another portion together with some auto- 
matic controls has been 
Christensen (12). 

Enzymes produced on a bran medium 
need not be used as crude dried products. 
Most of them can be readily extracted 
into aqueous solution, leaving most of 
the bran residue behind. The extraction 
ean be done with the aid of a press or 
by any one of a number of counter cur- 
rent extraction Once the 
enzyme is in solution it can be purified 
as far as desired by standard methods of 
enzyme purification. 

Liquid Media. In the bran type media 
deseribed above, the organisms grow at 
the surface of the individual particles 
where they have ready access to oxygen. 
Many organisms will grow equally well 
at the surface of a liquid. 
the liquid must remain quiet, for the 
organisms form a mat at the surface, 
and if it is disturbed it may sink. In 


patented by 


procedures. 


In some Cases 
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other cases the liquid may be gently agi- 
tated. The enzymes produced diffuse 
throughout the liquid. Obviously the 
layer of liquid must be thin if the sur- 
face is to bear an appreciable ratio to 
the total 
method have been published in the scien- 
tifie literature (13) and in various pat- 
ents (14, 15). Essentially the method is 
the same as that used for the production 
is similar to 
the bran process in that it requires a 


volume. Descriptions of this 


of some organic acids. — It 


large surface, but in some respects it 1s 
easier to control. A good discussion of 
the deficiencies of the method 
found in Foster (16). 

A very different method is that of 
growing the organisms submerged in a 
liquid medium. Here the individual 
cells are completely surrounded by the 
medium and they have little if any con- 
tact with the air. The problem of keep- 
ing all parts of the hquid adequately 
supplied with oxygen is one of the diffi- 
How- 


may be 


culties for all aerobie organisms. 
ever, in comparison with surface methods 
the control of contamination and of tem- 
perature is considerably simplified and 
the space required is much less. The 
procedure is best adapted to organisms 
that normally grow as free individual 
cells, such as some of the aerobic spore: 
forming bacteria and the usual yeasts. 
It has 
production of yeast (17). 


for commercial 
It is less well 


long been used 
adapted to filamentous organisms that 
produce a thick viscous culture. Even in 
the latter case, however, the submerged 
method may be the one of choice. Most 
of the information available on the pro- 
duction of enzymes by submerged cul- 
ture is limited to diastase, but there is 
no reason to suppose that it need be so 
limited. the earliest enzyme 
work with this method was done on the 
so-called amylo process for converting 
grains to fermentable (18-20). 
This process consisted of growing a mold, 


Some of 


sugars 
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usually a form of Rhizopus or of Mucor, 
submerged in the grain mash where it 
produced enough amylase to convert the 
starch to sugars which could then be fer- 
mented with yeast. In some of the early 
processes both the conversion of the 
starch and the fermentation were done 
by the same organism. More recently 
there has been considerable interest in 
growing organisms submerged in rela- 
tively simple media purely as a method 
for producing enzymes that can then be 
used for any purpose (21-24) as well as 
In growing submerged cultures, particu- 
larly for use in converting grain mashes 
to fermentable sugars (25-29). The pub- 
lished data indieate that the activities 
obtained in the submerged cultures make 
them economical compared with present 
practice (30) in aleohol production. In 
addition, the use of sueh cultures offers 
the possibility of running the fermenta- 
tion in the absence of contaminating 
organisms. 

Very little is known about the specifie 
requirements for the production of high 
concentrations of any enzyme. Good 
growth is usually essential, but it is far 
from sufficient. The actual nutritional 
requirements and conditions must be 
worked out for each enzyme and each 
organism, and these may change mark- 
edly when the type of process is changed. 
In some cases the amount of a certain 
enzyme activity produced can be greatly 
increased by having the substrate for 
this enzyme present in the medium. In 
such cases there is at least a formal 
agreement with the idea of adaptive 
enzymes. In other cases, however, no 
such effect can be demonstrated, and in 
some cases the production of one en- 
zyme can be increased by adding to the 
medium a material that, as far as we 
know, has no direct relation to the ac- 
tivity of the enzyme in question. In 
some of these cases the amount of en- 
zyme produced appears to be out of all 


proportion to any possible use that the 
organism could make of it. It seems 
probable that further study will greatly 
increase not only our understanding of 
enzyme production but actual enzyme 
production as well, 

Preparation for Marketing. Once the 
enzymes are produced in crude form as 
solutions or as wet solids there is still a 
considerable problem in getting a mar- 
ketable product. For some applications 
the absence of other enzymes or at least 
of certain other enzymes is essential. In 
any Cases a separation of enzymes is 
necessary, although in some cases the 
problem ean be solved by choosing the 
right microorganism as the source. En- 
zymes should, of course, be sold on an 
activity basis. In order to have a stand- 
ard product it must be adjusted to a 
standard activity and must retain that 
activity. Different enzymes vary a good 
deal in their ability to meet this require- 
ment. Some of them, in the form of dry 
powders, are remarkably stable under 
even very adverse conditions. Most of 
those that are commercially available 
have quite satisfactory stability if kept 
cold and dry. In practice, of course, 
they are rarely kept so, so stability over 
a long period of time is frequently not 
assured. Having them dry to begin with 
and properly packaged helps, but the 
conditions of transportation and storage 
in the customer’s plant are frequently 
beyond the supplier’s control. In some 
applications a liquid enzyme is preferred. 
In most cases the supply of a standard 
liquid requires refrigeration or prompt 
usage or both. Even then microbial 
growth must be prevented and in some 
cases metals must be kept very low. In 
some cases the taste or odor of an en- 
zyme preparation is of decisive impor- 
tance. It cannot always be changed as 
desired, but strict control of the manu- 
facturing steps can do a great deal to 
eliminate most objectionable qualities. 
Color is also important in some applica- 
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tions, and within limits it can usually be 
controlled. Other more specific require- 
ments will be considered in the applica- 
tions section. 


Industrial Applications 
General Considerations 

In this section we shall consider appli- 
cations where enzymes are bought as 
such and utilized for some definite pur- 
We shall not consider many cases 
in industries based on natural products 
where important changes in the product 
are brought about by the action of en- 
zymes already contained in the raw 
material. 

Since many people interested in using 
industrial enzymes are quite unfamiliar 
with the properties of enzymes, a few 
words about the use of them in general 
may be in As already stated, 
enzymes are produced in living cells, 
and, although their action is completely 
independent of living cells, they are well 
adapted to function under conditions 
that are compatible with the life of the 
that them. In general 
terms we that, although en- 
zymes differ among themselves, they are 
all adapted to function under conditions 
that are physiologically suitable for the 
cells that produce them. This term im- 
plies that they are adapted to a definite 
range of temperature, a definite range of 


pose. 


order. 


Ce lls produce 


may say 


pH, a definite range of concentration, a 
definite range of substrate concentration, 
a definite range of concentration of other 
dissolved solids such as salts and to the 
heavy 
molecular 


absence of toxic compounds, €.d., 
metal Although on a 
basis enzymes may be very active, under 


salts. 


the conditions in which they occur in 
nature, many of them require a fair 
amount of time for their action. When 
we seek to apply enzymes to industrial 
processes, economic factors become domi- 
nant and the tendency is to forget about 
the conditions just enumerated. Speed 
of action is usually considered essential, 
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and in an attempt to get such speed, con- 
ditions are frequently imposed that are 
not compatible with efficient 
action. One of the few things that seem 
able to withstand the demands for speed 
and the imposition of drastic conditions 
is quality of product. We may then at 
the outset expect enzymes to find their 


enzyme 


greatest application in processes where 
drastic avoided in 
order to assure the quality of the prod- 
Another striking characteristic of 
enzymes is their specificity, and we may 
expect them to find application in rela- 
tively complicated systems where it is 


conditions must be 


uct. 


desired to catalyze one reaction and not 
others. 
Carbohydrases 


Probably the enzyme prepa- 
volume is what 


Diastase. 
ration sold in 
is known commercially as 
This term is applied to any enzyme, or 
any mixture of enzymes, that degrades 
starch by hydrolysis. In industrial ap- 
plications it is normally understood that 
starch is gelatinized before enzymes are 
expected to hydrolyze it. Diastases are 
commonly considered commercially as 
falling into two that 
liquefy starch and those that saccharify 
starch. The best known 
diastase is not of microbiological origin 
but is malted barley. Malt diastase is 
made up largely of two enzymes that 


greatest 
“ diastase ” 


classes—those 


commercial 


have come to be known as alpha and 
beta amylase. There is a strong but 
unfortunate tendency to 
terms over to microbiological enzymes 
apply. 


carry these 
where they very often do not 
Malt alpha amylase is thought to be able 
to hydrolyze starch about equally well 
The net 
the large 


at a large number of points. 
effect is 
starch molecule into a number of smaller 


therefore to convert 


ones, and the reaction is usually followed 
by observing the color that the reaction 
The ability 
to stain blue is rapidly lost, being re- 


mixture gives with iodine. 
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placed first by a red color and then grad- 
ually by the absence of any color. The 
first change from blue to red corresponds 
with a marked drop in viscosity of the 
starch solution and to the production of 
relatively small amounts of reducing 
sugars. As the reaction proceeds the 
concentration of reducing and fermenta- 
ble sugars increases. Malt alpha amyl- 
ase is thus a liquefying diastase and a 
saccharifying diastase. Malt beta amyl- 
ase is much more limited in the way it 
can attack starch. It splits off maltose 
units from the non-reducing end of a 
starch chain. It thus has relatively little 
effect on viscosity, and it produces re- 
ducing and fermentable sugar from the 
start. Among the microbiological en- 
zymes those that liquefy stareh rapidly 
are frequently referred to as alpha amyl- 
ase with the implication that they have 
the same activity as malt alpha amylase. 
The implheation is unfortunate, for some 
of these enzymes produce very little fer- 
mentable sugar, no matter how long they 
act. They liquefy the starch by a par- 
tial hydrolysis and then they practically 
stop. For some applications they are 
much preferred to malt alpha amylase 
precisely because they produce very little 
sugar. Such preparations are more prop- 
erly deseribed as liquefying enzymes 
than as alpha amylases. There is also 
a widespread tendeney to identify a saec- 
charifving enzyme with malt beta amyl- 
ase. There would appear to be no excuse 
at all for this practice. Not only is it 
untrue for malt itself, but there is no 
good evidence that a microbiological 
beta amylase has ever been produced, 
although good saecharifying enzyme 
preparations certainly have been pro- 
dueed. Corman and Langlykke (29) 
have deseribed what they call a gluco- 
genic activity in fungal preparations. 
They consider it as a maltase, but in- 
stead of being limited to the hydrolysis 
of maltose they consider that it can 
hvdrolyze glucose from any polymer 


ranging from maltose to starch inclusive. 
Apparently this enzyme is very similar 
to the one postulated by Kita (31) in 
1913. In analogy to beta amylase we 
suggest that the glucose-producing en- 
zyme might well be called 
amylase ”’ 


“gamma 
It seems certain that micro- 
biological diastase preparations differ 
markedly among themselves and differ 
from malt. They probably contain 
enzymes not recognized at present. 

The greatest single industrial use for 
diastase is for the conversion of starch 
to fermentable sugars in the brewing and 
fermentation industries. In these appli- 
cations the yeast or other microorganism 
that carries out the actual fermentation 
is unable to use starch or any of its large 
breakdown products. Presumably the 
reason is that the fermentation enzymes 
are inside the cells and the substrate has 
to be a small enough molecule that it can 
easily diffuse in to the enzymes. In this 
country we are accustomed to the use of 
malt for the conversion of stareh. In 
the Orient they have long prepared a 
beverage similar to beer without any 
malt at all. In its manufacture fungi 
are used to convert the stareh to fer- 
mentable sugars. In the section on en- 
zyme production we mentioned briefly 
the use of mold bran, the amylo process 
and the use of submerged fungus cul- 
tures for conversion of starch in fermen- 
tations. These microbiological products 
must compete with malt either on a cost 
or vield basis, or because of their adapta- 
bility to carrying out the fermentation in 
the absence of contaminating organisms. 

Another large use for diastase is in the 
desizing of textiles. It is common prac- 
tice in the textile industry to coat the 
warp yarns with what is known as a 
‘size’ to strengthen and protect them 
during weaving. After weaving it is 
often necessary to remove the size by 
some mild treatment that does not harm 
the fabric. Many size formulae consist 
largely of starch, and this starch can be 


134 ECONOMI 
conveniently and successfully removed 
by treating the cloth with a solution of 
diastase. In 
produced from the starch is not impor- 


this case the end product 


tant as long as it is soluble in warm 


There 
are other requirements, however, that are 


water and can be washed away. 


The stareh is present as 
a quite insoluble film, and the time avail- 
able for the enzyme to penetrate the film 
is strictly limited. 
tendency is to work at 


not easily met. 


For this reason the 
a relatively high 
temperature and in the presence of wet- 
ting agents. A common practice is to 
heat a dilute solution of the enzyme plus 
wetting agent to the desired temperature 
before the cloth 
Obvi- 
ously an enzyme must have unusual heat 
stability to 


) 


(which may be 70° C.) 


is brought into contact with it. 


work satisfactorily under 
and it must 
patible with the wetting agent used. 

related to 
desizing is the use of diastase, usually in 
admixture with and lipase, in 
the laundering of clothes. It not only 


starched 


these conditions, be com- 


An application somewhat 
protease 


removes the starch from gar- 
ments but also assists in removing soils 
that ingredient. 
In some European countries such use of 
an enzyme preparation is very wide- 
spread. In the United States the use of 
enzymes in general laundry work is quite 


contain starch as one 


restricted, but the related use of enzymes 
for removing spots from clothing is wide- 
spread. 

The preparation of sizes is also an 


A good deal 


of paper is coated with a size that con- 


application for diastases. 


tains an appreciable proportion of starch. 
In recent vears the starch used has been 
corn starch. It is common practice to 
make a slurry of starch plus enzyme and 
then heat the mixture up to and beyond 
the gelatinization temperature of the 
starch. Since corn starch does not begin 
to gelatinize before 63° C. and is not 
completely gelatinized until above 70° C 
it is that in have any 


clear order to 
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enzyme activity left after gelatinization, 
a relatively heat-stable enzyme must be 
used. the 
hydrolysis to go just so 


The procedure is to allow 
far and 
further before destroying the enzyme by 


ho 


It is desira- 


adhesiveness 


heat or in some other way. 
ble to the 
possible at the required Viscosity in the 


retain highest 
treated starch, 
the 
example where an enzyme is needed that 
will liquefy the stareh without producing 


The production of sugars 


lowers adhesiveness, sO this is one 


sugars. 

Production of sweet syrups by hydro- 
lyzing starch is another application for 
diastase. It is, of course, possible to 
hydrolyze stareh with acid alone, but if 
such hydrolysis is carned to anything 
approaching completion, side reactions 
bitter 
tasting products and crystallization may 


are almost sure to elve rise to 


occur on cooling. One process (32, 33) 
that has been apphed suecessfully em- 
ploys a preliminary acid hydrolysis fol- 
lowed by an enzymatic hydrolysis to 
give a relatively high-sugar product that 
js stable to crystallization under wide 
temperature rela- 


changes. It is also 


tively easy to prepare a satisfactory 
svrup by the use of enzymes alone or by 
the use of a liquefying diastase followed 
by a mild acid hydrolysis. During the 
recent war, when sugar was so scarce, 
the production of syrups for sweetening 
increased greatly, and, since malt was 
also searee, the use of syrups in brewing 
also increased greatly. 

The baking industry is another large 
field in which diastase plays an impor- 


tant role. Modification of the starch in 


the dough is essential to get a baked 
product with the currently acceptable 
erain, texture, color, ete. Wheat flours, 


of course, contain some diastase, but the 
actual content is quite variable. It is 
now general practice to add diastase, 
usually in the form of malted wheat 
flour, to much of the ordinary flour to 
bring the diastase content up to an ac- 
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ceptable standard. Additional malt ex- 
tract containing diastase may be added 
by the baker. Some relatively recent 
work indicates that some diastases of 
microbiological origin work very well in 
these applications and have some points 
of superiority over malted wheat (34 
36) and malt extracts. In this applica- 
tion and also in fermentations it may 


sometimes be desirable to work under 


strictly or relatively aseptic conditions. 
Knzyme preparations can easily be pre- 
pared to meet this condition. 

Hydrolysis of starch to dextrins has 
long played an important role in the 
adhesive business. The term “ dextrin ” 
as usually employed, covers all the mole- 
cules intermediate between starch and 
sugars. It thus covers a wide range of 
molecular weights, and, of course, the 
adhesive properties vary with the size of 
the molecule. Adhesives for different 
purposes thus require different degrees 
of hydrolysis. Recently an enzyme has 
been introduced for facilitating the re- 
moval of wall paper by hydrolyzing the 
starch used in the adhesive or paste. 

In the preparation of pectin from 
apples the pectin frequently contains 
small amounts of starch. If the starch 
is not removed it tends to show up as a 
haze in jelly made with the peetin. Since 
removal of the starch must not, of 
course, harm the pectin, the problem 
offers a nice application for a diastase. 
The requirements are that the diastase 
be free of enzymes that act on pectin 
and that it be active at the natural pH 
of pectin. 

The practice of enzymatically modi- 
fying, or partially digesting, starch for 
feeding to infants and certain adults is a 
well established application of diastase. 
In addition to ease of digestion a prop- 
erly modified starch tends to reduce fer- 
mentation in the intestinal tract. <A 
somewhat related practice is that of 
feeding diastase to human patients as 
well as to animals. There seems little 


doubt that individuals may sometimes 
be deficient in amylase or possibly in 
Treating the defi- 
ciency by feeding the enzyme in question 


any other enzyme. 


by mouth may not always be feasible, 
but diastase has long been prescribed in 
this way and there is evidence for its 
effectiveness (37, 38). It may well be 
that diastases of different origin vary 
considerably in their ability to pass 
through the stomach and retain some 
activity. 

All of the above applications are con- 
cerned with hydrolysis of starch. It 
should perhaps be pointed out that there 
ix another enzyme system that degrades 
starch by phosphorolysis rather than by 
hydrolysis. It cannot be considered 
further here and in any case it has not 
been applied industrially. Both the hy- 
drolytie and the phosphorolytie systems 
commonly prepared act on the 1,4 gluco- 
sidi¢c linkage. No enzyme especially de- 
signed to act on the 1,6 linkage present 
in starch is commercially available, but 
one has been indicated (39). There is 
other evidence that some commercial 
fungal diastases do split this linkage. 

Synthesis of gluecosidie linkages by 1so- 
lated enzymes of microbiological origin 
has also been amply demonstrated (40), 
although no industrial application has 
been made of it. 

Maltase. The enzyme maltase which 
hydrolyzes the disaccharide maltose to 
glucose is normally included in the com- 
mercial term “ diastase’. It is, of course, 
an entity in its own right, but its indus- 
trial application is limited to the part 
it plays in some diastase preparations. 
Extension of the meaning of maltase 
introduced recently was discussed above 
under “ Types of action on starch’ 

Invertase. Another disaccharide that 
occurs abundantly in nature is sucrose 
which is split by the well-known enzyme 
invertase. Invertase hydrolyzes sucrose 
to glucose and fructose. It is used indus- 
trially to produce invert sugar. Invert 
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sugar is not only sweeter than sucrose, 
but it also has preferred hygroscopic 
properties and not crystallize. 
There are a number of special applica- 
tions of this reaction, such as the one 
concerned with the production of a stable 
liquid center in candies by inversion of 
sucrose after coating with 
Invertase is normally prepared 
yeast (41). 

Lactase. Ordinary ‘“ milk sugar” is 
lactose, a disaccharide composed of glu- 
cose and galactose. 


does 


chocolate. 
from 


The enzyme lactase 
splits the disaccharide to the two com- 
ponents. Normal milk contains in the 
neighborhood of 5% lactose, and many 
products derived from milk contain this 
sugar in part. Among the 
sugars lactose is one of the least soluble. 
For this reason in a number of dairy 
products, particularly those representing 
a concentration of the milk solids, lac- 
tose tends to crystallize out, and such 
crystals are a serious objection in some 


common 


cases. In ice cream the development of 
lactose crystals results in what is known 
as “sandy” ice cream. Formation 
such crystals is one of the main factors 
that limits the amount of non-fat milk 
solids that can be included in ice cream. 


of 


In processed cheeses the presence of lac- 
tose crystals has at times been confused 
with the presence of ground glass. Lac- 
tose is also less sweet than most of the 
common sugars, so that hydrolysis to 
glucose and galactose improves its sweet- 
ening properties. Applications for a lac- 
tase have been apparent for some time, 
but it is only recently that a lactase 
adaptable to commercial production has 
been developed. The enzyme occurs in 
a number of fungi and bacteria, but it is 
normally prepared from yeast. 


Proteases 


Types of Action. In this section we 
shall consider any enzyme that hydro- 
lyzes protein. 
nized that 


It is, of course, well recog- 


proteases are not all alike. 
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We saw that starch can be split by en- 
zymes in different ways, but in at least 
one sense starch is much simpler than 
proteins, for it is a polymer of only 
one substance—glucose, whereas proteins 
are polymers of many different amino 
acids. There is good evidence that some 
proteases split only linkages that involve 
certain amino acids or at least that they 
split such linkages much more readily 
than others. As a result, without any 
consideration of equilibria, such prote- 
ases cause only partial splitting of pro- 
teins, and the products from each are 
different. For utilization of proteases to 
their full potential value such considera- 
tions will have to be given thorough 
attention, but for many current indus- 
trial applications the manner in which 
the proteins are split and in some cases 
even the extent to which they are split 
is secondary to the ability to render 
protein material soluble, rapidly and 
under specified conditions. Commercial 
proteases are available from both fungal 
and bacterial sources. 

Leather Manufacture. Probably the 
largest and certainly the oldest recog- 
nized industrial use of protease is in the 
treatment of hides in the manufacture of 
leather. There are two different appli- 
cations here. One is concerned with the 
unhairing of the soaked hides. There 
seems no doubt that proteases can play 
an important role in this process. They 
were formerly used rather widely for this 
purpose and are still used to some extent. 
However, there is no doubt that the un- 
hairing can be done to the satisfaction 
of many authorities by non-enzymatie 
procedures. A recent monograph = on 
leather manufacture (42) lists six un- 
hairing procedures and only one of them 
employs enzyme. The others all employ 
lime and make use of various “ unhair- 
ing agents”? and , such as 
dimethylamine, sodium sulfide and cya- 
nide. After the limed hide has had the 
hair and the flesh removed mechanically 
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it is ready for deliming and “ bating ” 
The hide is very alkaline at this stage, 
so it may receive a preliminary deliming 
with acid. It is then ready for the bating 
bath. The “bate” normally contains 
ammonium salts, which serve to com- 
plete the deliming, and proteolytic en- 
zyme. The development of this use of 
enzyme is of interest. It was apparently 
observed long ago that treating limed 
hide with an infusion of fowl or dog dung 
had a very desirable effeet upon the sub- 
sequent leather. Eventually this curious 
procedure was analyzed and it was found 
that the desirable effect was attributable 
to the proteolytic enzyme content of the 
infusion. The much of the 
enzyme was quite possibly the bacteria 
contained in the infusion. It was there- 
fore natural enough that the 
bacterial culture was introduced as a 
‘synthetic ” bate (48). However, proc- 
esses that depended upon the growth of 
a bacterium required considerable care 
to make them reliable and reproducible. 
They were, therefore, readily replaced 
by ‘synthetic ” bates containing pre- 
formed proteolytic enzymes. The first 
such bates were preparations of pancre- 
atic glands. 


source of 


use of a 


Such bates are still in gen- 
eral use, but they have been supple- 
mented by preparations containing pro- 
teases of fungal and of bacterial origin. 
The fact that the process is normally 
carried out at a pH of 8.0-9.0 precludes 
the use of There still 
considerable art in the 
science of bating, but the has 
stood the test of time, and the effect it 
produces seems to be very real, even if 
somewhat difficult to define (44). 
Desizing. 
tion and 


some proteases. 
appears to be 


process 


We discussed the prepara- 
removal of starch sizes under 
diastases. There are some analogous 
procedures that employ protein sizes in 
both the textile and paper fields. Casein 
and gelatin are the proteins most com- 
monly used. Removal of a protein size 
ean be accomplished by any one of a 
number of proteases, provided the con- 
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ditions employed are compatible with 


the properties of the protease. Natural 
silk is coated with a complex size that 
includes protein as one component. A 


portion of this protein is difficult to re- 
move chemically, but proteases can do it 
satisfactorily (45). A somewhat similar 
but simpler application is the removal 
of the gelatin layer from photographie 
film in the recovery of the latter. Re- 
moval of protein-containing soils from 
clothing either in despotting procedures 
or in general laundry operations is an- 
other somewhat similar application. The 
use of protease in toothpaste and in solu- 
tions for cleaning false teeth is again in 
principle a desizing application. 

Chillproofing. Chillproofing of beer is 
a large-scale protease application. The 
problem in this case is to prevent pro- 
duction of a haze when the beer is cooled. 
The main cause of the haze seems to be 
a protein material. Hydrolysis of the 
protein to increase its solubility is a 
satisfactory answer, but chillproofing 
activity may not follow general protease 
activity (46, 47). Since the protein is 
important in the foam retention of the 
beer, the amount of hydrolysis should be 
carefully controlled. Since the pH of 
beer is quite acid, an enzyme must be 
used that retains activity at this pH. Of 
course, for optimum efficiency an enzyme 
that has optimum activity at this pH is 
best. 

Protein Hydrolysates. In recent years 
interest in protein hydrolysates for medi- 
cal applications developed to a marked 
extent and has now receded to a much 
lower level. The three accepted methods 
of preparing protein hydrolysates are 
acid hydrolysis, alkaline hydrolysis and 
enzymatic hydrolysis. The advantages 
that the enzyme method has are that it 
requires only very simple equipment, 
and it does not destruction or 
racemization of any of the constituent 
amino acids. 


cause 


It does, however, usually 
take a longer time, and in the case of 
some very insoluble starting materials it 
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may not be practical. Since the condi- 
tions of hydrolysis can usually be ad- 
justed to suit the enzyme, almost any 
protease can be used if the nutritional 
value of the hydrolysate is the only eri- 
terion. Where such things as taste play 
a decisive role the choice of enzyme and 
the extent of hydrolysis are very impor- 
tant. If the hydrolysate is to be used 
for intravenous injection it is essential 
that the hydrolysis be carried far enough 
to prevent anaphylactic shock. Control 
of pyrogens is also very important in 
destined for intravenous 
use, and it may be that in some cases 


preparations 


pyrogens can be destroyed by enzymes 
(48). 
drolysates, usually called * peptones ” or 


The preparation of protein hy- 


“ tryptones ’’, for microbiological use is 
an old practice. In this case it may be 
that enzyme hydrolysis is preferable be- 
cause the vield ot strepogenin is higher. 
Protein hydrolysates are also used as a 
soya sauce base (49). 

Modified Proteins. 
tion of proteins, but 
involved in protein hydrolysates, 


Partial modifica- 
to the extent 


is the 


not 


basis of another group of enzyme appli- 
cations. Among them is the tenderizing 
of meat. It 
meat tends to make it more tender, and 
the result is believed to be due to the 
action of the enzymes, primarily the pro- 


Addition 


rate ol 


is well known that ageing 


contained in the meat. 

of more protease increases the 
tenderizing (50,51). One of the difficul- 
ties with this application is getting the 
the 
Qne suggestion that has been 


teases, 


enzyme to penetrate throughout 
meat. 
made (52) is to inject the enzyme, in 
this case a mold protease, into the vascu- 
lar system of either an entire carcass or 
of a portion of it and then hold the meat 
under refrigeration long enough for the 
If the enzyme can be 


enzyme to act. 


applied to individual pieces of meat 


such as steaks, penetration is less of a 


problem. Natural casings used to hold 
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sausage are sometimes quite 
They can be 


resistant 
with 
enzyme to render their mastication more 


materials. treated 
on a par with that of the sausage itself. 


Knzyme-modified proteins are also 
used in the preparation of some whip- 
ping mixtures such 
somewhat similar application is the use 
of partially hydrolyzed proteins as foam- 


ing agents in fighting oil fires, 


as mayonnaise. A 


but most 
of these preparations are not produced 
by enzymes. 

In contrast to the applications where 
proteins are used to produce foam there 
are other processes where it is necessary 
to filter, to concentrate or to dry protein 
solutions. 
tially digesting the protein with a prote- 
ase is helpful. Thus in 
fish the 
prevents formation 


In some of these cases par- 


concentrating 


press water use of a protease 
a | and thins the 
liquid (53). A somewhat similar use of 
protease in drying egg white has been 


deseribed (54). 
In addition to 
hvdrolyzing or modifying the proteins of 


Feeding of Proteases. 


the diet, the question of feeding prote- 
ases to human patients and to animals 
attention. 


Pepsin has been preseribed for certain 


has received considerable 


patients for many vears. We might ex- 
pect that pepsin would be better adapted 
for feeding by mouth than most en- 
zymes, since the acid of the stomach is 


normal for it and is the most destructive 
How- 


ever, panecreatin and other preparations 


condition for some other enzymes. 
containing protease are also often taken 
by mouth with apparent good results 
(55). It is, 
such preparations in a capsule or enteric 
that through = the 


stomach and release the contents in the 


of course, possible to put 


coating will pass 


duodenum or intestine. 

Miscellaneous Pharmaceutical Appli- 
cations. One pharmaceutical use to 
which the 
treatment of wounds to remove scar tis- 


proteases have been put 1s 
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sue. 


Such an application has been in 
use In Germany for some time and has 
received consideration 


some favorable 


here (56). There are a number of simi- 
lar applications that have not been very 
Pro- 


teases are also used as depilatories, some- 


adequately studied or controlled. 


times without any provision for dena- 
turing the protein they are expected to 
hydrolyze. 

Dairy Applications. [xcept in the 
case of ripening of cheese, the applica- 
tions discussed in this seetion have actu- 
ally not been carried out with enzymes 
of microbiological origin, but they are 
included here because of potential future 
Rennin is a_ proteolytic enzyme 
that is especially active in clotting milk. 
The amount of proteolytic action needed 
to clot milk is relatively small, and many 


use. 


other proteases give a grossly similar 
nature of the 
clot is not always the same. The rennin 
clot is readily freed of the mother liquor. 
The latter reason is factor in the 
wide use of rennin in cheese manufac- 
ture (58). When it is desired to change 


reaction. However, the 


one 


the character of the milk clot formed in 
children or pa- 
it is common practice to use a 


the «stomach of certain 
tients, 
milk preparation clotted with rennin or 
Modi- 
fication of the curd subsequently formed 
from milk by treating the milk with a 


in some cases to feed the enzyme. 


pancreatic protease has also been de- 
scribed (59). In manufacture 
proteases play an additional role in the 
ripening process (60,61). Another curi- 
ous use of a protease in the dairy indus- 
try is that of trypsin as an antioxidant 
in milk (62-64). 

Synthetic Action. All of the 
examples themselves 
with hydrolysis of proteins. On the re- 
verse process, synthesis, very little apph- 


cheese 


above 


have concerned 


cation has been achieved, but the resolu- 
tion of pL amino acids by enzymatic 


synthesis of an insoluble peptide deriva- 
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tive of the naturally occurring form is at 
least a very instructive beginning (65). 


Lipases 


In addition to carbohydrates and pro- 


teins the other classical large grouping 
Despite 
a considerable in- 


dustry based on fats there is no very 


of food components is the fats. 
the fact that there is 


large industrial application of 
In part this condition reflect the 
inherent difficulties of working with a 
water-soluble enzyme on a water-insolu- 


lipases. 
may 


ble substrate. In part it may also reflect 
the fact that an adequately stable lipase 
adaptable to large-scale production has 
only recently been made available (66). 
Since fats can be hydrolyzed chemically 
quite successfully, we might expect that 
enzyme hydrolysis would find its great- 
est utility wherever the relatively drastic 
conditions of chemical hydrolysis must 
be avoided in order to prevent any sec- 
ondary reactions or where some labile 
component contained in the fat must be 
protected. An example of the latter is 
the concentration of fat-soluble vitamins 
In an oil by hydrolyzing a portion of the 
oil and removing the hydrolysis products 
(67). By selectively hydrolyzing the 
saturated fatty acids in fish oil by means 
of lipase an improved drying oil can be 
made (68). 
There is) an 
deseribed for 


industrial 
recovering oll 


application 

from oil- 
containing products such as copra by a 
microbiological procedure (69). Presum- 
ably this result could be obtained more 
readily by the use of preformed enzymes, 
but the enzymes required are those nee- 
essary to rupture the cells. Lipase may 
be included, but it probably plays only 
a minor role. A corresponding procedure 
for obtaining fish liver oil by treating 
the liver with a protease has also been 
deseribed (70). 

Lipases are known to play a consider- 
able role in the ripening of some kinds 
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of cheese (71), and addition of lipase in 
making cheese has given encouraging 
results In some Cases (72). 

Hides contain a significant amount of 
lipids (42), and use of lipase in bating 
has been recommended by some workers. 

A number of people have difficulty in 
digesting fat, and there are indications 
that such people profit by taking lipase 
by mouth. It may be that elderly people 
in general fall into this category (73). 
It is also helpful at times to pretreat 
certain foods with lipase. 


Pectinases 


Pectin is far less abundant in nature 
than the carbohydrates, fats 
teins that we have considered, but never- 
theless it occurs w idely in plants. It is 
apparently not present in animals and is 
not attacked by animal enzymes. It is 
made up largely of galacturonic 
units united by a 1,4 glucosidic linkage 
with most of the carboxyl groups meth- 
vlated. There are at least two enzymes 
concerned with the hydrolysis of pectin. 
One hydrolyses off the methyl groups 
and the other splits the 1,4 linkages unit- 
ing the units. The 
nomenclature of these enzymes is con- 
fused and would profit greatly by some 
standardization. Commercial 
tions sold for hydrolyzing pectin contain 
at least these two enzymes. 


and pro- 


acid 


galacturonic acid 


prepara- 


One important property that enzyme 
preparations designed to act on pectin 
should have is the ability to act in rather 
strongly acid solutions. Most fruit juices 
have a pH below 4.0, and some of them, 
such as lime juice, are well below 3.0. 
Changing the pH in a natural juice in 
order to allow an enzyme to act is usu- 
ally not accepted with favor, so pectin 
enzymes should be designed to have good 
activity at pH 3.0 or below. Fungal 
pecunases readily meet this requirement. 

When juice is pressed from apples it 
normally pectin in amounts 
varying with the variety of apple from 
close to zero to some 0.3%. Pectin is 


contains 
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small amounts of it 
dissolved in the juice tend to prevent 
precipitation of other small insoluble 
particles. The result is that apple juice 
has a very cloudy or in 


colloidal, so even 


some Cases 
almost muddy appearance, and it is very 
difficult to filter. If an enzyme prepara- 
tion that can hydrolyze the pectin is 
added, the colloidal properties soon dis- 
and all the insoluble material 
present settles to the bottom. The juice 
can then be filtered readily and a spark- 
lingly clear product results. To the ex- 
tent that the pectin is largely hydrolyzed 
it remains dissolved in the juice. To the 
extent that insoluble intermediate, 
such as the calcium salt of demethylated 
pectin, is formed it will be removed in 
the precipitate. 

Other fruit juices are to some extent 
similar to apple juice and ean be clari- 
fied in much the same way, but the dif- 
ferences between fruits are great enough 
that it has been found advisable to pro- 
duce different enzyme preparations for 
some of the different applications. 

In addition to clarifying the pressed 
juice, addition of enzyme to whole fruit 
before pressing in some cases apprecia- 
(74). 
The effect of enzyme treatment on the 
taste of the juice (75) may to some ex- 
tent be a matter of opinion, but many 
people seem to prefer the clarified juice. 


appear 


an 


bly increases the vield of juice 


It is, of course, possible to clarify juice 
by other means, but in many cases both 
the taste and color of the juice may be 
affected. 
process may also be speeded up by en- 
zyme treatment (74). 

In the preparation of 
trates removal of water is sometimes 
facilitated by hydrolyzing the pectin 
present. If it is necessary to filter such 
a concentrate, hydrolysis of the pectin 
before filtration is always helpful. 
concentrates will gel in storage if they 
contain appreciable amounts of unhydro- 
lyzed pectin. 

As stated above, pectin is present in 


In the case of wines the aging 


fruit concen- 


some 
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many plants. Wherever it is desired to 
remove the pectin, as in the case of some 
natural fibers, treatment is a 
possibility. 

There has been 


enzyme 


interest 
recently in preparing low-methoxyl! pec- 
tin. The problem here is to remove the 
methyl! without splitting the 
chain. The methods that have shown 
some success are acid hydrolysis, alka- 
line hydrolysis and enzyme hydrolysis. 
Of course, the enzyme suitable for this 
application is not the same as the prepa- 
ration used to clarify juice. In this case 
it must be active in removing the methyl 
groups and essentially inactive in split- 
ting the chain. For some applications it 
must also retain activity at a low pH. 
A suitable commercial preparation is 
now available. If all the methyl groups 
are removed, the products resulting from 
different methods differ only in the ex- 
tent of chain degradation or side reac- 
tions. If only part of the methyl groups 
are removed, the distribution of 
remaining has a definite effect on the 
product, so that different methods may 
vield different products. The advantages 
that ‘a low-methoxyl pectin has over 
regular pectin are, of course, functions 
of the increased number of free carboxy! 
groups. In the calcium 
salt the low-methoxy! pectin will form a 
stable gel in a low concentration and 


considerable 


groups 


those 


presence of a 


without the high concentration of sugar 
required by ordinary pectin for gel for- 
mation. This property enables one to 
prepare edible fruit jellies with much less 
sugar than is normally used and conse- 
quently with a taste much more like that 
of the natural fruit (76). Films can also 
be formed from low-methoxy! pectin, 
and it has been suggested that they may 
have important uses in coating 
products or other articles where an edi- 
ble coating is desired (77, 78). 


food 


Hemicellulases and Cellulases 


Of all the 
cellulose and 


substances occurring in 


nature, hemicellulose are 
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among the most abundant and in many 
Ways among the most resistant. It is 
well known that microorganisms can 
digest both materials, and cell-free en- 
zyme systems have been obtained from 
such organisms that will digest both ma- 
terials. The activity of the available 
enzyme systems, however, is not great. 
Either this result reflects the inherent 
stability of the substrate or it reflects 
lack of knowledge about how to produce 
such enzymes. 

The potential application for enzymes 
in this field is great. For one thing there 
is the utilization of waste which could 
be made economical and much 
simpler. There is the possibility of modi- 
fying the surface of industrial cellulose 
just enough to alter its reactivity in cer- 
tain ways without materially altering its 
strength. For such purposes an enzyme 
preparation that contains both cellulase 
and hemicellulase is satisfactory. In 
other cases, such as the retting of flax, 
ramie and hemp, the problem is to re- 
move the hemicelluloses that make up 
part of the gum in which the cellulose 
fibers are embedded without attacking 
the cellulose. In such cases a mixture 
of enzymes is not satisfactory. Applica- 
tion of enzymes to wood pulp in the 
manufacture of 
in many ways 


more 


paper offers problems 
similar to the others 
mentioned. 

Many animal feeds contain large quan- 
tities of cellulose and _ hemicellulose. 
Ruminating animals are well equipped 
to handle them but some others are not. 
The possibility of pretreating these feeds 
with enzymes is being investigated, as is 
feeding of enzymes along with the feed 
(79). Human may also contain 
significant amounts of both cellulose and 
hemicellulose. An enzyme preparation 
for human has marketed in 
Germany for a number of years (43). 


food 


use been 
Miscellaneous Enzymes 


The enzyme urease derives its chief 
importance from the fact that urea which 
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it hydrolyzes is the main nitrogenous end 
The most 
urea 
Many 


large numbers 


product of animal metabolism. 
for determining 
involves hydrolysis with urease. 

clinical 


common method 


laboratories run 
of urea analyses routinely, and this use 
constitutes the main application of the 
enzyme. Since urea is essentially neu- 
tral, its hydrolysis by urease is a means 
of producing alkali, and with proper pre- 
cautions this reaction offers a means of 
producing a controlled release of alkali. 
Use of urease in a toothpaste is based 
upon this property. There are other 
potential applications for this enzyme, 
such as the interesting one of recovering 
water from urine under conditions of 
severe water deprivation, as might be 
The 


common source of urease is the jack 


imposed by desert warfare. most 


bean, but it ean be prepared microbio- 
logically. 
Although 
the existence of an 
enzyine, 


there is some doubt about 


actual 
doubt 


carboligase 
the 
reaction which the enzyme is supposed 
to catalyze. The the 
densation of an aldehyde added to fer- 
menting yeast with * active ” 
hyde produced in the’ fermentation. 
Thus added Cy,H-CHO is converted to 
CyH;CHOH CO CHs;. This 
utilized in the manufacture of ephedrine 
(SO). 


there is no about 


reaction 1s con- 


acetalde- 


reaction is 


Catalase, the hemin-containing enzyme 
that decomposes hydrogen peroxide to 
water and oxygen, Is now available com- 
mercially and finds application wherever 
the removal of hydrogen peroxide is re- 
quired or the controlled release of OXV- 
gen from it is desired. The enzyme is 
widely distributed in yeasts and some 
bacteria. 

Hyaluronidase, which hydrolyzes 
hyaluronic acid, finds numerous appli- 
cations wherever penetration of tissue is 
involved. It is produced by a number 
of bacteria. 

Phosphatases, the enzymes which split 
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phosphate esters and are widely distrib- 
uted and relatively easily prepared, have 
found little applieation, except on a re- 
search scale, in spite of the very wide 

their Sulfa- 


which are much less known than 


occurrence of substrates. 
tases, 
phosphatases, offer more promise of in- 
dustrial application. Both of these types 
of enzymes can be prepared microbio- 
logically. 

Conjugation with glucuroni¢e acid is a 
common procedure for detoxication in 
the the 
enzyme that can split such conjugates, 
Is. very 


animal body. Glucuronidase, 


important physiologically and 
may have some industrial applheation. 
Such an enzyme can be prepared from 
E. Cot (81). 

The great the enzymes 
mentioned above belong to the class of 
hvdrolytic 


Iajority of 


apphed 
mainly for degrading some natural prod- 


enzymes and are 


uct. Use for synthetic purposes remains 
Other 
as the oxidases, 


largely undeveloped. groups Ol 
some of 
which have been studied in great detail 


and many of which ean readily be pre- 


enzymes, such 


pared microbiologically, have found no 
major industrial application. The phenol 
oxidases, including tyrosinase, which can 
be prepared from mushrooms and other 
sources may find important applications 
Thus tyrosinase has been suggested as 
an aid in controlling blood pressure (82, 
£3), but later work (84) makes it doubt- 
ful that the effect 
enzyme. It 


is due to the active 
has also been suggested as 
an oxidant for the toxie agent in poison 
similar (85). 
Amino acid oxidases and aseorbie acid 


ivy and plant poisons 
oxidase also have limited appleations. 
Some of the coenzymes connected with 
Various enzyme systems are now com- 
mercially available from microbiological 
Those that belong to the vita- 
group have long been supplied by 
forms. In addition, 
growth of fungi for riboflavin production 


(86-89). 


SOUTCeS., 


min B 


veasts In various 


is now common Coenzyme | 
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(diphosphopyridine nucleotide) isolated 


from natural sourees is now available 


commercially, but its Companion, coen- 
zyme II (triphosphopyridine nucleotide), 


hiss 


not yet appeared. Adenosinetri- 


phosphate (ATP), adenosinediphosphate 


and adenyhe aeid are all available com- 


mercially and are finding applications in 


clinical work as well as in research labo- 


ratories, 


This group of compounds can 


be prepared synthetically, but the micro- 
biological and enzymatic approaches are 


the most practical. 


Another compound, 


glutathione, which is a coenzyme, al- 


though it may also have other functions, 


has 


been available for some time. It 


also has been prepared synthetically, but 


isolation from natural sources is the 


most pract ical procedure. 
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Coca—The Mainstay of an Arduous Native 


Life in the Andes’ 


For centuries the alkaloids of coca leaves have sustained 
the natives of the Andes in their onerous existence, but 
only recently have the effects of this drug been clinically 


studied. 
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Introduction 


Coca, a South American shrub (£ry- 
throxylum coca), whose delicate tea-like 
leaves yield cocaine, has had a strange 
Originating in 
the Amazonic jungles centuries ago, coca 


and fascinating history. 
leaves were discovered—how, we do not 
know—to produce, when chewed with 
lime, an exhilarating sensation, a * lift ”’ 
a feeling of lightness and an increase of 
Whenever Indians trekked the 
South American jungles, it was 
custom ” to carry along a bundle of dry 
coca leaves which, when chewed and the 
juice swallowed, made hunger less insist- 


energy. 


‘ good 


ent and gave the body energy to endure 
fatigue. 
to have had its origin among the tribes 
of the central Amazon, eventually broke 
out of its jungle-bound habitat and was 
carried by trade into the Andes. There, 
among the mountain tribes, coca chew- 
ing took fierce hold. By the time the 
Inca civilization burst out in its full 
glory in the tenth century, the coca leaf 
had already become an Andean insti- 
tution. However, the leaf 
aroused strange sensations, it was called 


This coca habit, now believed 


since coca 


a ‘divine plant”, and its use was limited 
to members of the Inca aristocracy. 


1 Reprinted and from Scientific 


Monthly, Feb. 1950. 


adapted 
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Statistics regarding the present-day 
chewing of the coca leaf and its accom- 
panying scourge, the cocaine habit, as 
released by the United Nations Com- 
mittee Narcotics, are sufficiently 
terrifying. Bolivia produces more than 
5,000,000 pounds of coca leaves annu- 
ally, million pounds of which 
shipped to Argentina (a trade which 
amounts to 18,897,680 bolivianos!) to be 
used by harvest hands who chew the leaf 
Bolivia 
consumes the residue of her production, 


on 


a are 


while gathering in the crops. 


and, the demand being more than the 
supply, she finds it necessary at times to 
import an additional tonnage from Peru. 
In eight years coca production has in- 
creased more than 10,000,000 bolivianos 
until it is now so important an element 
in Bolivian economy (about 32,000,000 
bolivianos annually) that the govern- 
ment frankly admits in answering a 
United Nations questionnaire that the 
loss of the plant or a curtailment of its 
production would pose a “ real problem ” 
to Bolivia and Argentina. 

Peru, the center of coca production 
and consumption, is faced with an enor- 
mous sociological issue arising out of 
coca chewing. Out of a population of 
7,600,000 inhabitants, more than 3,000,- 
000 coqueros (coca chewers), and 
Peru is producing over 17,000,000 pounds 


are 
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of coca leaves annually. This means, on 
the basis of 1.2 percent yield of cocaine 
from the coca leaves, that Peru’s popu- 
lation is consuming approximately 85,000 
pounds of cocaine each year! 

On the basis of these terrifying statis- 
tics, the government of Peru decided to 
bring the matter into the open before the 
United Nations and Social 
Council; their permanent delegate asked 
the council to send a corps of experts to 
Peru to study the matter at firsthand. 
Now there is in the field, in Peru and 
Bolivia, working at the dizzy heights of 
the lofty puna, an investigating commit- 
tee of the United Nations, composed of 
specialists, 


Economic 


making inquiry into the 
physiological and psychological aspects 
of coca chewing. 

Coca claims more addicts, per capita, 
than any other narcotic-yielding plant; 
15,000,000 South Americans, mostly In- 
dians and cholos, ranging geographically 
over half the continent from Argentina 
to Colombia, are addicted to the cocaine- 
yielding leaf. Half of Bolivia’s heaven- 
high population are 3,000,000 
in Peru are and in Co- 
lombia whole populations are addicted 


coqueros, 


enslaved by it, 


to it and in the process of slow degenera- 
tion from its cumulative effects. In Bo- 
livia and Peru all work, all physical 
activity, is geared to this narcotic-yield- 
ing leaf. Bo- 
livia’s tin mines do so with wads of coca 
stuffed into 
they suddenly to be deprived of it, tin 
production would stop and Bolivia would 
disintegrate into chaos: 


Miners descending into 


leaves their cheeks; were 


a good portion 
of Argentina’s harvests are gathered by 
As for Peru, 
no work of any kind can be started in 
the central Andes 


ration of coca leaves. 


coca-chewing farm hands. 
without the daily 
Not many years 
after the conquest, the learned adminis- 
Matienzo de Peralta made 
a pertinent observation: “If there were 
What 


is equally true today. 


trator Juan 


no coca there would be no Peru ”’ 


was true then 
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This addiction to the coca leaf by Peru's 
millions has been so much a part of the 
economic fabric of Peru that no govern- 
ment since the conquest has had the 
courage to proseribe it. 

to be confused with cacao 


which is chocolate, or with coco which is 


Coca, not 


the coconut, is cultivated in the lush val- 
leys of the lower Andes in Peru and Bo- 
livia on 
mountains, 


terraces on the sides of the 
far distant from the points 
of consumption. Some of these coca 
plantations are so ancient that they go 
Coca is as old 

this ‘ divine 
found in pre-Ineca 


graves dating back to the ninth century, 


back to pre-Inca times. 
as Peru. The 
plant” have 


leaves of 
been 


In the same small woven bag as is carried 
by modern addicts; here too is the same 
lime (llipta) 
There is, however, one great difference; 
in the time of the Incas coca 
stricted to the ruling 
denied to the common Indian, and thus 
its addiction was limited. The conquest 
of Peru by the Spaniards changed all 
this; 
the shock of the conquest and opened up 
to the Indian many things he had been 
denied under rule. One of 
was the chewing of coca, and the habit 


used in chewing today. 
was re- 


Classes; it Was 


Inca society disintegrated under 


Inea these 


spread like wind-blown fire. Coca plant- 
ing was encouraged by the Spanish colo- 
nists, and the Indian, forced to work in 
the mines or to go on back-breaking ex- 
found that 
perceptions 
Within a few 
vears after the conquest, more than 2,000 
Spaniards were connected in one form 
The 


much-traveled Pedro Cieza de Leon, who 


peditions into tropie lands, 
coca-chewing numbed his 


and gave him endurance. 


or another with coca production. 


penned the finest of the conquest chroni- 
cles, wrote, “ There are some persons in 
Spain who are rich from the produce of 
this coca, having traded with it, sold and 
resold it in Indian markets”. By 1548 
the Indian workers in the silver mines of 


Potosi, high up in the Bolivian Andes, 


COCA MAINSTAY OF 


were consuming 100,000 cestas of coca 
leaf yearly. “It seems almost fabu- 
lous wrote Jose de Acosta, a con- 


in truth the 
trafficke of Coca at Potosi doth yearly 


temporary chronicler, * but 


amount to above a half million piastres ” 
Soon coca chewing engulfed whole popu- 
lations in the Andes, and the habit 
alternately extolled and condemned. The 
Chureh, although it tithes 
coca production—(* The greater part of 
Bishops of and 
Canons of the Cathedral of Cusco is de- 


Was 


drew from 


the revenue of the 


rived from the tithes of the coca leaves ”’ 
wrote Gareilasco de la Vega )—denounced 
the addiction to coca as a diabolical illu- 
sion, * the chewing of which Indians sup- 
pose gives them strength ”’, and so made 
prohibition against it; it Was in vain. 
The Viceroy, the Marques de Canete, 
dictated a ukase to restrict its produc- 
tion in 1567; And while 
coca chewing spread its cancerous growth 


it Was ignored. 


throughout the Andes, jumping over the 
racial lines of the Indians, reaching out 
to the even into 
white society, the magic of the coca leaf 
was heatedly discussed by European 
Dr. Nicholas Monardes thought 
he had found the elixir of life, and he ex- 
tolled leaf in his book trans- 
lated as “ Joyful News Out of the New 
Founde World “2 
lations, it 


cholo half-castes, up 


savants. 
the coca 


whole European popu- 


was believed, could be = sus- 
tained by merely chewing the coea leaf; 
and «as 1814 the 


begging Sir 


late as Gentleman's 
Humphry 


to undertake experiments with 


Magazine 
Davy 


Was 


coca so it could be used as a“ temporary 


anti-famine or substitute for food, so 
that people could live a month, now and 


then, without eating 


Physiological Effects of Coca 
Chewing 


The annual consumption of coca dur- 
ing the three centuries of the Spanish 
domination of Peru and Bolivia may be 


estimated at 6,000,000 ke. If we take 
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that the Andean 
population of those two countries has 
this 


during all 


into account the fact 


chewed enormous amount of coca 
total 
amount of coca leaves consumed in that 
period may be calculated as 40,000,000,- 
000 kg., and the amount of alkaloids ex- 
tracted and ingested would be no less 
than 20,000,000 kg. An exhaustive in- 


quiry into coca addiction, on the basis of 


these centuries, the 


this information, must take into account 
The influence 
of the drug through many generations 


the historical background. 


may have some importance as a creative 
factor in psychological disturbances and 
racial degeneration. 

The daily dose of dried coca leaves 
chewed by addicts varies between 10 and 
100 gm., with 30 gm. as a mean value. 
In some few cases the daily dose varies 
from 200 to 500 The product is 
consumed through an intensive chewing, 


gM. 


and the saliva serves as the extracting 
About 50 or 
70 pereent of the chewed leaves is swal- 
lowed, and the thrown 
The coea addicts chew the leaves two or 
three times daily, in particular before 
their The alkaloids 
extracted and absorbed during a period 
as a mean value, 86 
percent of the total amount of alkaloids 


agent of the coca alkaloids. 


rest 1s away. 


work. amount of 


of coca chewing is, 
contained in coca leaves. Sharp assumes 
that the leaves might be only half-ex- 
hausted, thereby arriving at an estimate 
of 194-324 mg. of cocaine daily. Big- 
non, who made a study of coca leaves, 
considered that coca contains an average 
of 0.5-0.6 percent, arriving at a figure 
for the daily dose of 300-400 mg. 
These figures, however, were not drawn 
from the chemical analysis of coca bolos, 
the masticated leaves thrown away by 
Chemical analysis of this 
coca material was made for the first time 


the chewers. 


in my laboratory where several hundred 
This study 
has shown that the individual daily dose 
of cocaine alkaloids ingested, if 30 gm. 


coca wads were analyzed. 
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of coca leaves are chewed, varies from 80 
400 mg., with 180 
value. The mean dose of 
kilogram of body weight is, 
2.5 mg., but six mg. per kg. 
mum dose in some cases. It 
to believe that such a 
gested every day during almost an entire 
lifetime, can A simpler 
calculation than those preceding may be 
attempted by considering only the leaves. 

Coca leaves are masticated with lime 
or with the alkaline ashes 
plants. The addition of alkaline sub- 
stances is sometimes explained as being 
necessary to extract the alkaloid. I have 
found that alkaline substances are not 
indispensable to set free the alkaloids 
from the leaves, although it been 
found that the percentage of the extrac- 
tion is slightly greater when the leaves 
are chewed with lime. Much more im- 
portant is the effect of these substances 
upon the the 
drug. For that reason, if the coca addict 
is obliged to chew the leaves without 
lime, he requires a slight increase of his 
customary dose of coca leaves. We are 
not sure whether this potentiation of the 
effects of coca alkaloids by alkaline sub- 
stances is the result of increased absorp- 
tion by the gastrointestinal tract, or the 
result of an increased permeability of 
the central neurons, or of a combination 
of both factors. Recent experiments on 
rats and dogs, which showed that cocaine 
toxicity increases when the drug is in- 
jected after a previous administration of 
alkaline substances, point to the relia- 
bility of the last hypothesis. Compari- 
sons were made between the physiologi- 


to mg. as a mean 


cocaine per 
more or less, 
is the maxi- 
is difficult 
large dose, in- 


be harmless. 


of certain 


has 


physiological action of 


cal changes in coca chewers taking the 
drug, with and without their customary 
alkaline substances. Stronger reactions 
were always obtained in the first experi- 
mental conditions. 

As an example of the potentiating 
action of alkalines upon coca alkaloids, 
there is the case of a non-addicted sub- 
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ject who chewed 20 gm. of coca leaves 
without alkalines. He did not show any 
serious alteration in this experiment. A 
few days later he chewed the same dose 
with the addition of sodium bicarbonate, 
and on this occasion the subject suffered 
a mild poisoning. Nevertheless, chemi- 
eal analysis showed that 100 and 104 
mg. of coca alkaloids were extracted and 
ingested in each experiment. The results 
obtained in this and in many other ex- 
demonstrate that alkaline 
potentiate the neurostimu- 
lant, cardiovascular, psychological and 


periments 
substances 


metabolic actions of cocaine alkaloids. 
Kduard Poppig, the celebrated nine- 
teenth-century German traveler in Peru, 
was the first to describe the symptoms 
effects 


coca leaves. 


and due to immoderate use of 
He discovered coca addic- 
tion several years before the discovery 
of Many of the acute and 
chronic symptoms found by him among 


the coca addicts have been confirmed by 


cocaine. 


recent studies. Among the more general 
symptoms due to prolonged abuse of 
coca leaves, the most noteworthy are a 
pale or sallow complexion, a dry and 
grayish-vellow skin in the most peculiar 
cases, With more or less loss of subeu- 
taneous fat and other signs of disturbed 
nutrition. 
are muscular weakness (the coca chewers 
cannot work without the stimulatory 
action of the drug), apathy, introversion 


Other common manifestations 


and moral decay. 

In general, coca addicts do not show, 
after an ordinary period of coca chew- 
ing, strong excitation symptoms, as ¢o- 
caine addicts do. I have found, neverthe- 
less, some physiological changes during 
the period of chewing, slight mydriasis, 
moderate respiratory rate, 
and definite in- 
crease of the heart rate. The spinal and 
autonomic reflexes are stimulated, and 
the cutaneous sensibility decreases. If 
larger doses are taken, disturbances of 
may The 


increase of 


rise of blood pressure 


sensorial functions appear. 


MAINSTAY OF 


COCA 


metabolic alterations are very constant, 
even with small doses of coca; there is 
an increase of body temperature and re- 
increase In 
The blood sugar always increases 


markable basal metabolic 
rate. 
in experimental animals, but only in a 
increase in men 


In a few 


very few cases does it 
after a period of coca chewing. 
have found 
depressive actions: 


COCA chewers we moderate 
a decrease of heart 
rate, blood pressure, respiratory rate and 
The 
who ingest the largest doses of cocaine 
usually show stimulant and 


those who ingest the smallest doses may 


body temperature. coca chewers 


reactions, 


sometimes show depressive reactions. 
The period of chewing the coca wad lasts 
two or three hours; the stimulant reac- 
tions begin about half an hour after the 
chewing starts and are noticeable within 
three or four hours. The 
alkaloids ingested per minute during the 
period of chewing varies between 0.3 and 


1.6 mg., with 0.9 mg. as the arithmetical 


amount of 


mean. 

If the addicted subject 
coca-leaf dosage, the stimulant reactions 
just described may last two or three ad- 
ditional hours, but if the 
stopped, a depressive state may follow. 


repeats the 


chewing is 


The heart rate and blood pressure show 
very low values, and a feeling of fatigue 
is experienced. The life of the addicted 
subjects is, consequently, an alternation 
of states of excitement and depression. 
Muscular strength of coca echewers dur- 
ing the period has 
values than muscular strength of non- 
addicts. During the period of 
chewing, an increase of muscular strength 
was found in 50 pereent of the subjects 
studied. The action of coca upon the 
basal metabolic rate has been carefully 
studied, in addicts and non-addicts. The 
results are the same in both groups. 
Even small doses of leaves produce a 
great basal metabolic rate; 
larger doses produce supernormal values. 
The effects of upon the 


abstinence lower 


coca 


increase of 


cocaine basal 
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metabolic rate have also been studied in 
addicts and non-addicts. At a dose of 
two or three mg. per kg. of body weight, 
cocaine hydrochloride produces in most 
individuals studied a great increase of 
B.M.R. 

tained in 


Supernormal values were ob- 
Phenobarbital, 
given before the administration of coca 
leaves, decreases this action of the drug. 
Sodium alkaline 
(tocra), on the contrary, produce a great 


some Cases. 


bicarbonate or ashes 
increase of the metabolie action of coca 
alkaloids. 

Coca chewing affords a temporary re- 
lief of unpleasant sensations. It sup- 
presses hunger, thirst and fatigue. In 
the high altitudes of the Peruvian Andes, 
coca Is taken by the natives to alleviate 
the sensation of cold, but in the tropical 
valleys it is used as a refreshing agent. 
it has been found that during the period 
of coca chewing there is a decrease of 
cutaneous sensibility, and this action is 
perhaps the explanation of the precedent 
contradiction. The acute psychological 
alterations produced by cocaism, at ordi- 
nary doses, are of minor importance. A 
general and 
states of introversion, characterized by 
vividly real optative fantasies, were en- 
countered in the majority of the cases. 
If the addicted subjects exceed their 
ordinary doses, which happens from time 
to time, some serious psychological dis- 
The acute toxic 
symptoms of cocaism resemble those of 
acute cocaine poisoning. Alterations of 
perception, pseudo-hallucinations, delu- 
sions, obsessions and other mental dis- 
were found in 
use of high coca 
leaves may lead to states of insanity. 
At the ordinary doses, 30-60 gm. per 
day, these incidents never occur. The 
mental symptoms disappear gradually 
after suppression of the drug. 

No outstanding differences between 
the acute toxie reactions produced by 
coca were found among addicted sub- 


sensation of well-being 


turbances may appear. 


turbances some 


cases. 


Prolonged doses of 
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jects and those toxic reactions produced 
by equivalent doses of cocaine hydro- 
administered to 
I must call attention to the fact 


chloride non-addicts 
orally. 
that coca chewers take their ordinary 
drug during 
non-addicted 


doses of the one or two 
hours, 


treated with equivalent doses of cocaine 


whereas subjects 
(two to four mg. per kg.) given at one 
time do not show stronger reactions. It 
must be noted that 
subjects can chew 20-30 gm. of coca 


also non-addicted 


leaves—the customary doses among ad- 
dicts—without serious consequences. We 
may infer from these facts that coca 
chewers do not have an increased toler- 


Furthermore, | 
treated 


ance to coca alkaloids. 
that 
with three to four mg. per kg. of cocaine 
hydrochloride manifest the same physio- 


have shown coca chewers 


logical and psychological reactions that 
are experienced during the period of coca 
chewing. The dictum of Tatum and 
Seevers, that “tolerance appears to be 
developed only to that class of drugs 
which produce a reduction in the activ- 
ity of the cells” (which 
confirmed 


rules out ¢o- 


caine), is among the coca 
chewers. 

Abstinence symptoms appear only in 
the inveterate addicts. Even in 


these cases the symptoms were always 


COCA 


slighter and less prolonged than those 
observed in other drug addictions. On 
the basis of this observation the apolo- 
gists for coca chewing assert that coca is 
not a drug addiction. They forget, how- 
ever, that in some Cases cocaine addicts 


do not show abstinence 
only very slight ones. 


that 


svinptoms, or 
Moreover, they 
coca chewers show, 
as almost always among drug addicts, 
strong appetitive craving for the drug. 
Some years ago Tatum and his collabo- 


seem to forget 


rators showed that dogs treated with re- 


peated doses of cocaine developed a 
strong desire for the drug, but they did 
not find 


nomena. 


evidence of 


These 


abstinence phe- 


discoveries have been 
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very useful in understanding what hap- 
pens in coca addicts. For several years 
[ have made experimental studies of 
As a result ot 
studies I find that cocaine is among all 
the drugs that generate addiction 
including morphine 
the strongest cravings in experimental 
This reaction appears after 
a few days of the drug being given intra- 


cocaine addiction. these 
even 
the one that causes 
conditions. 
more slowly if it is given 
Abstinence 
however. It has 
that stimulants of 
nervous (caffeine, 


venously 
orally. 
demonstrable, 


svinptoms are not 
been 
demonstrated other 
the central system 
metrazol, coramine and strychnine) do 
not create states of addiction in dogs, as 
cocaine does. These observations should 
put us 


arguments of the apologists for coca, 


on our cuard with respect to the 


who claim that Andean natives need the 


stimulant action of leaves in the 


same way that others require the stimu- 


COCHU 


lating action of coffee. 

Recently it was found that the great 
excitement shown by dogs before the 
expected injection of cocaine is accom- 
panied by intense panting and _ tachy- 
cardia, and that these symptoms disap- 
pear as soon as the injection is given. 
The tachyeardia may even be replaced 
by definite bradyeardia. In non-addicted 
dogs this phenomenon never occurs after 
the injection of cocaine. There is a 
powerful excitation, of both central and 
autonomic nervous systems, which can 
only be related to the craving state. 

In some coca chewers, depressive reac- 
tions follow administration of the drug, 
which may perhaps be explained as the 
result of a sedative action produced by 
the coca alkaloids, following the craving 
state. More important than the acute 
symptoms produced by coea chewing are 
the chronie symptoms, although one can- 
not attribute these complex chronic 
symptoms exclusively to the toxie action 
of coca alkaloids. 

A study Andean 


carried out upon 


an 
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dwellers who are addicted to coca has 
shown a high frequency of degeneration 
stigmata and chronic pathologie proc- 
esses. It must be taken into considera- 
tion that the peoples of these regions 
have indulged in the drug for centuries. 
The degenerative stigmata frequently 
found among the coca chewers are skele- 
tal defects, cranial deformities, deaf- 
mutism, dwarfism and facial asymme- 
tries. Idiots and epilepties have also, 
according to recent observations, a very 
high frequency in regions of intensive 
cocaism. Among the natives of the Pe- 
ruvian provinces where this drug is not 
used, or where it is little used, these de- 
fects are also found, but in very low 
percentages, 

To find out whether the degenerative 
stigmata just mentioned are due only to 
the hereditary toxie actions of the coca 
alkaloids or to these toxie actions associ- 
ated with other pathogenic factors, is a 
subject for future research. In point of 
fact, malnutrition is always associated 
with coca chewing and can be by itself, 
of course, one of the causes of racial 
decay and degenerative stigmata. But 
malnutrition is a cause of coca chewing 
as much as coca chewing Is a cause of 
improper nourishment. 

The most common pathologie defects 
found among coca-leaf addicts were hy- 
povitaminosis, hyponutrition, ocular dis- 
turbanees, enlarged thyroid glands and 
lymph nodes, and hepatomegaly. Of 
course, the toxie action of coca is not the 
direct cause of these disturbances which 
ean be the result also of the horrible 
living conditions created by the drug 
addiction and of other obvious factors. 
Hepatomegaly is perhaps the alteration 
most directly related to the chronic toxic 
action of coca leaves. The regular use 
of the drug over a long period of time, 
as Poppig stated a century ago, leads to 
physical breakdown, occasionally accom- 
panied by serious liver disturbances. In 
rats and dogs treated during several 
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months or years with cocaine, we have 
found fatty degeneration of the hepatie 
cells, and other cellular lesions. The old 
inveterate coca chewers very often show 
a slight jaundice. 

Glossitis and stomatitis are also very 
common symptoms among = inveterate 
coca chewers. We have found glossitis 
in 50 percent of several hundreds of 
examined addicts. The tongue presents 
a desquamation of the superficial epi- 
thelium, giving the appearance of the 
geographical tongue; sometimes it is 
dry, smooth, scarlet and beefy-looking. 
These symptoms are probably due to the 
irritative action of coca leaves and the 
alkaline ashes used to increase the 
stimulant action. 

The chronic action of cocaism upon 
mental activity deserves a special study. 
Johan von Tschudi, the nineteenth-cen- 
tury traveler, called attention to some 
mental features of the habitual coca 
chewers: “ They can be recognized ”, 


says this author, ‘“ by their incoherent 
speech and their dull, apathetic atti- 
tude’. Among the Peruvian natives 


there are remarkable psychological dif- 
ferences between those addicted to coca 
leaves and the non-addicted ones. In 
the first group the introvert type pre- 
dominates; in the second group, the 
extrovert prevails. In general, coca 
chewers present emotional dullness or 
apathy, indifference, lack of will power 
and low capacity for attention. They 
are mistrustful, shy, unsociable and in- 
decisive. In advanced stages many of 
them are vagabonds. 

It has recently been shown that a 
great percentage of illiteracy exists in 
the regions where coca is consumed in 
great quantities. A relation was found 
between the percentage of illiterate 
people and the amount of coca leaves 
used annually—80-90 percent in the 
regions of the largest consumption, 60— 
70 percent in the regions of minor con- 
sumption, and 10-40 percent in the 
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regions where the drug is not used at all 
or in very small amounts. In examining 
cases of children seven to ten years old, 
who had become coca addicts at an early 
age, I found that they became vaga- 
bonds and manifested very early symp- 
toms of mental impairment; they had 
already acquired the characteristic pal- 
lid and dull-appearing face. Yet the 
mental disturbances disappeared after 
withdrawal of the drug. School children 
between seven and twelve years of age 
often use coca. These young coca ad- 
dicts are unable to learn, or learn with 
great difficulty. These observations led 
me to apply tests of intelligence to 500 
coca chewers. The Binet-Simon, Por- 
teus, and the Terman non-language 
multimental tests were employed, and it 
was found that the mean IQ was 67 per- 
cent. Only 19 (5 percent) of the cases 
examined had normal values; that is to 
say, 80 percent of coca addicts have sub- 
normal IQ’s. The lowest IQ’s were found 
more frequently among coca addicts of 
long standing, whereas the highest IQ’s 
were found more frequently among ad- 
dicts of short standing. Research on the 
intelligence of non-addicted Peruvian 
natives of the same social stock as the 
addicts was also carried out. The results 
of this examination of non-addicts show 
higher I1Q’s than among coca addicts, 
with a larger percentage of normal cases. 

The results obtained with attention 
tests showed that coca addicts have sub- 
normal values. A_ relation was also 
demonstrated between the impairment 
of attention capacity and inveteracy of 
coca habit. Non-addicted native sub- 
jects have normal values in the attention 
test. Besides, the reaction time has a 
very high abnormal value among the 
long-standing coca chewers (360 milli- 
seconds as an arithmetical mean) and 
lesser values among the short-standing 
ones (250 milliseconds as an arithmetical 
mean); study of the personality of coca 
chewers with the Rorschach test has also 
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Not- 
withstanding the correlations found be- 


revealed serious abnormalities. 
tween the magnitude of mental back- 
wardness and the length of the addiction, 
one cannot conclude that the drug is the 
only cause of the chronic mental disturb- 
Some other factors must be taken 


ances. 
into account—geographical and _ social 
isolation, economic misery, language 


barriers, deficient instruction, and under- 
feeding. Whether the alkaloids 
themselves produce a chronic toxic effect 
upon the brain that would lead to men- 
tal impairment is a question that cannot 
be answered at this time. The 
alkaloids are tropine derivatives, and 


COCa 


COCa 


some observations have been made which 
suggest that these compounds have some 
chronic toxic upon the brain. 
Mexicans having the habit of smoking 
the leaves of a certain datura species 
called * toloachi”’ show the same apathy 
and dullness. Precisely the same phe- 
nomena occur in the use of “ chamico ”’ 
a Peruvian datura, chronic use 
leads to dullness, introversion and some- 
times to a state similar to idiocy. 


action 


whose 


This research upon coca addiction is 
only a preliminary attempt to under- 
stand a subject that for some time has 
been highly confused by wide discrepan- 
cies of opinion concerning the action of 
the drug upon the health of coca addicts. 
Those who have written about the mat- 
ter upon a strictly theoretical basis have 
arrived at the questionable conclusion 
that coca chewing is indispensable for 
South American natives living in high 
altitudes. They have even claimed that 
there is no absorption through the intes- 
tinal tract of cocaine extracted from 
coca leaves. Yet I have shown in other 
publications that coca alkaloids are not 
necessary for climatic adaptation. Un- 
fortunately, the absurd position that 
coca is not harmful has always been a 
powerful argument to prevent all legis- 
lation aimed at the eradication of coca 
addiction. 


The Potato—Its Origin, Cytogenetic 
Relationships, Production, 


Uses and Food Value 


About eight billion bushels of potatoes are produced 
annually throughout the world, 400 million of them in 


the United States. 


In the United States and England 


they are used principally for human consumption; in 
other European countries as livestock food and as raw 
material for the manufacture of starch, alcohol and 
other by-products. 


Early History 


When the Spaniards invaded South 
America they found a large number of 
species and varieties of potatoes under 
cultivation, the tubers which were 
used as a common article of food by the 
natives. The origin of these potatoes is 
still shrouded in mystery, but recent ex- 
plorations and studies have contributed 
much to our knowledge of this important 
food crop and its relatives. 

The cultivated potato seemed to be 
confined to the continent of South Amer- 
ica, since nowhere in Central or North 
America was it brought under cultiva- 
tion in pre-Columbian times, although 
various wild tuber-bearing species of 
Solanum are to be found as far north 
as Colorado in the United States. The 
countries of Mexico and Guatemala are 
also rich in wild species, the tubers of 
which were often eaten by the natives; 
but the plants apparently were never 
cultivated. When later the potato gained 
an entry into Mexico after the Spanish 
conquest, it was probably imported from 
Peru and Bolivia. 


of 


1 Principal geneticist, Division of Fruit and 
Vegetable Crops and Diseases, Bureau of Plant 
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In South America the people found a 
large assortment of wild potatoes. Un- 
like the natives of North and Central 
America, they brought them into culti- 
vation possibly 2,000 years or more be- 
fore they were conquered by the Span- 
iards. The difference in the behavior of 
two groups of people of the same race, 
one living north of the equator and the 
other south, can be accounted for by the 


differences in the environments. In the 
mild climates of Mexico and Central 
America corn and cassava could’ be 


grown, but on the tablelands of Colom- 
bia, EKeuador and Bolivia cassava 
not grown and the corn crop was not 
very dependable. These high altitudes, 
by reason of their isolation, afforded a 
permanent home in which the people 
attained for a time a level of culture 
only a little below that reached later on 
the Peruvian coast. 


was 


In the year 1537, in one of the valleys 
of the Andes, the Spaniards first came 
in contact with the potato. To quote 
Salaman (15): “ It was one of these val- 
leys which witnessed the most important 
if less acclaimed of all the Spanish dis- 
coveries and conquests. It was in their 
struggle through the dense forest of the 
Magdalena Valley that one of the scout- 
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ing parties of Gonzalo Jimenez de Que- 
sada’s expedition penetrated eastward to 
the high plateau and in the native vil- 
lage of Sorocota about Lat 7 N not far 
from the Spanish town of Velez recorded 
the first encounter by a European with 
the We told that the 
natives fled at the approach of the Span- 
iards who entered the houses and found 
in them corn, and “ truffles ”’ 
These * truffles” were potatoes, 
description shows. 


potato ” are 


beans 
as the 
The plants produced 
scanty flowers of a dull purple color. 
The roots were * floury of good flavor a 
gift very acceptable to Indians and a 
dainty dish even for Spaniards’. A few 
months later this same expedition cap- 
tured where they found that 
potatoes and corn were the staple foods 


Bogota 


of the people. 

One of the more reliable accounts of 
the discovery of the potato is that of 
Pedro de Cieza who in 1538 encountered 
it in the upper Cauca Valley, between 
Popayan and Pasto in what is now Co- 
lombia, and afterward at Quito, now the 
capital city of Ecuador. He described 
the “papa” as a “kind of ground nut 
which when boiled becomes as soft as a 
cooked chestnut but which has no thicker 
skin than a‘truffle’”. He stated further 
that the principal food of the imbhabi- 
tants of the Collas region was papas 
which they dried in the sun and kept 
from one harvest to the next. The dried 
papa is called “ chuna” (Fig. 1). Many 
Spaniards became rich and returned to 
Spain prosperous from the profits made 
in selling chuno to the miners of Potosi. 
A number of stories have been written 
about the origin of the potato and how 
it was brought to Europe and America 
to take its place as one of the most im- 
portant food crops of the world. Many 
of these stories are legendary, for, as 
Salaman (15) “The records of 
the potato in the early decades of its 
Europe are at the best 
scanty and fail us entirely when we seek 


states: 


settlement in 
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to discover its immediate place of ori- 
gin or the means by which it reached 
Europe’. For about 250 years it was 
thought that the potato was brought to 
England from Virginia where it was sup- 
posed to be native. This error was due 
the John Gerard. In 
1597 he figured and deseribed in_ his 
Herbal the potato under the title, * Po- 
Virginia’. His illustrations 
and descriptions were those of Solanum 


to statement of 


tatoes of 


tuberosum, but he follows his deserip- 
tion with the statement that, “it grow- 
eth naturally in America where it was 
discovered by C. Clusius; which 
time I have received roots there-of from 
Virginia, called 
which growe and prosper in my garden 
as in their native countrie’”’. As a mat- 
ter of fact, the potato was not 


since 


otherwi-e Norembega 


a native 
of Virginia but was introduced into that 
country from the Bermuda Islands in 
1621. The people of Bermuda had 
grown the tubers obtained 
from England. The plant which Gerard 
mistook for the potato was openawk. 


stock from 


The openawk was not of Solanum but 
the leguminous species Apios americana, 
the tubers of which were an important 
food staple of all the Indian tribes of 
eastern North America from the Gulf of 
Mexico to the St. Lawrence The 
English colonists called them “ Indian 
potatoes ” 
nuts ”’ 
called 


roots ” 


liver, 


‘ ground 
France 
‘ rosary 


“ bog potatoes ” or 

The settlers of New 
them ‘“chapelets”’ or 
their bead-like 
ments on strings. The Algonquins called 
the tubers “openawk”, “ openaug”, 
“ penag We are told that 
there is no tuber-bearing species of Sola- 
num indigenous to eastern North Amer- 
vet still the 
woodlands. 

In November 1577 Sir Francis Drake 
found tubers of Solanum tuberosum be- 


from arrange- 


” or * penac ” 


1¢a; openawk grows in 


ing used as a food staple by Indians of 
southern Chile. Within less than a dec- 
ade such tubers had become a regular 
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food on Spanish ships, but no one knows 
with certainty who first introduced them 
into the gardens of Kurope. They prob- 
ably were carried to Spain from Peru 
early in the sixteenth century. Many 


Fic. l (l pper). 


early introductions by explorers and 
travelers may have occurred. 

After much research among historical 
documents of the Elizabethan era, Sala- 
(15) could find that 
would definitely support the story that 
Drake introduced the potato into Great 


Britain. On the other hand, 


man no evidence 


the record 
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seems to indicate that Sir Walter Raleigh 
was at least indirectly responsible for 
its introduction into Ireland. 
Salaman: “ There can be no doubt that 
behalf of Sir 


To quote 


the claim proffered on 


(Lower). Chuna nigra 


Walter 
potato into Ireland gains additional sup- 
port when carefully examined. To dis- 
muss It summarily, as has been done by 


faleigh to have introduced the 


recent writers, is to abjure tradition, 


whilst neglecting contemporary evi- 


dence ia 


For more than a century after its 
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introduction into Europe the potato was 
grown in the gardens of England and 
continental Europe as a curiosity rather 
than as a source of food. The Irish were 
the first to recognize its food value. The 
climate and soil of Ireland were pecu- 
liarly adapted to the cultivation of pota- 
toes, and they soon became the main 
food crop of the country, serving for 
breakfast, dinner and supper. Potatoes 
proved, however, to be not an unmixed 
blessing to Ireland, for, although the 
crop yielded an abundant return for 
little labor, an occasional failure caused 
untold misery and death to many of the 
people, as in the case of the Irish famine 
in 1845. The potato was introduced into 
Ireland between 1586 and 1588, and was 
cultivated as a field crop before 1663, a 
vear of short crops in Great Britain. At 
that time the Royal Society recom- 
mended that in England such members 
as had lands adapted to the cultivation 
of the potato should plant the 
vegetable. 


hew 


In spite of this recommendation, intro- 
duction of the potato as a field crop in 
England was slow. Before 1699 pota- 
had introduced into Lanca- 
shire, where they became quite common, 
but as late as 1770 they were not known 
generally in the southwestern counties. 

Potatoes were grown as a field crop in 
Scotland in 1739. 
became successful in cultivating them, 
but they did not meet with favor among 
the higher classes. We told that 
some of the pious Presbyterians looked 
upon with disfavor 
they could find no mention of the crop 
in the Bible. It was not until the Scotch 
were urged by hunger that they seri- 
ously undertook cultivation of the potato, 
and they soon learned of its excellent 
qualities. 

The credit for promoting potato cul- 
ture in Prussia, especially in Silesia and 
Pomerania, must be given to Frederick 
the Great. In 1744 he caused seed pota- 


toes been 


The cottagers soon 


are 


potatoes because 
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toes to be distributed free and compelled 
the peasants to cultivate them. In a 
royal circular dated April 5, 1757, Fred- 
erick the Great remarkable 
knowledge of potato growing. He indi- 
cated the time of plowing, manuring and 
planting the fields, cautioning the farmers 
that if they planted small potatoes they 
would raise small potatoes, whereas the 
best results would follow from the selee- 
tion of large tubers which should be so 
cut as to leave an eye in each piece. 
The small potatoes probably resulted 
from virus infection; otherwise the state- 
ment would not necessarily be true. 

The threats of punishment and the 
directives enforced by local officials had 
some part in increasing potato produc- 
tion in Prussia. But again it was need, 
caused especially by the Seven Years’ 
War, that established the industry on a 
firm basis. 

The introduction of potatoes into 
France was largely due to Antoine 
Auguste Parmentier who, while a_ pris- 
oner in during the Seven 
Years’ War, was fed upon potatoes and 
learned to like them. Potatoes had been 
in bad repute in France, owing to the 
attacks made upon them by physicians 
who declared that they were poisonous 
and were the cause of many maladies. 
Parmentier planted them on a piece of 
land obtained from Louis XVI. The 
field was considered a sandy waste, but 


showed a 


Germany 


the potatoes turned it into a blooming 
garden. A soldier guard in full uniform 
was stationed near the field during the 
day but was withdrawn at night, where- 
upon a number of people came secretly 
They ate them 
and planted them in their own gardens 


to steal the potatoes. 


the very object which Parmentier had in 
view. 

At one time, when his plants were in 
full bloom, Parmentier presented a 
quet the the King 
placed one in his buttonhole and gave 


bou- 


of flowers to who 


the others to his Queen, Marie Antoi- 


THE 


nette. She appeared in the evening 
wearing them in her hair. All the court 
tried to imitate the example of their 
sovereigns, and the King said to Par- 
mentier: “ France will thank you some 
day for having found bread for the 
poor”. These stories are no doubt leg- 
endary, but they do not detract from the 
credit that is given Parmentier for his 
part in the introduction of the potato 
into France. 

In the United States it is not believed 
that a wide distribution followed the 
introduction into Virginia from the Ber- 
muda Islands in 1621. In 1719 potatoes 
were brought from Ireland by a colony 
of Scotch-Irish immigrants who estab- 
lished a setllement at Londonderry, 
N. H., and it is thought that potato 
growing in this country got its best start 
from these importations. 


Early Search for Better Varieties 


When the potato was first introduced 
into Europe it was doubtless little more 
than a botanical curiosity. It was not 
adapted to the new environmental con- 
ditions and could not compete with the 
food crops already in use. Only later, 
presumably when it had been grown 
from seed and the best clones had been 
selected, did it become a reliable crop 
and play a leading part as a staple food. 
Karly in the nineteenth century scien- 
tists were beginning to take an interest 
in the further improvement of the potato. 
They were trying to find its wild rela- 
tives that could be crossed with the 
cultivated varieties in an attempt to 
produce hardier types. 

The severe epidemic of late blight that 
swept over this country and Europe dur- 
ing the years 1843 to 1847, and reached 
a climax in Europe in 1845, causing the 
Irish famine, gave impetus to a search 
for varieties of potatoes that would be 
resistant to the attacks of the dreaded 
disease. One theory, which was believed 
by many but which was soon discovered 
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to be false, was that the potato had be- 
come so weakened in vigor as a result 
of long-continued asexual propagation 
that it could no longer resist the attacks 
of the disease. It was believed that the 
vigor could be restored by sexual propa- 
gation. During the next half century 
there was great activity in potato breed- 
ing. Many people began to grow seed- 
ling potatoes with the idea of developing 
more vigorous and productive varieties 
that would be able to resist disease. 
This work, which made important con- 
tributions to the agriculture of this 
country, was carried on by private agen- 
cies rather than by public institutions. 
The work of C. E. Goodrich, a clergy- 
man of Utica, N. Y., was the first to 
produce lasting results. In 1851 he re- 
ceived a small quantity of potatoes from 
the American consulate in Panama. One 
of the varieties he called Rough Purple 
Chile. In 1853 he grew seedlings of this 
variety and later distributed one of the 
selections, which he called Garnet Chili, 
to growers. The ancestry of 170 varie- 
ties can be traced to this variety. They 
include many of the old varieties of 
commerce. 

Of 160 old varieties whose date of 
origin is known, 80 percent were pro- 
duced during the 40-year period 1861 to 
1900, and nearly half of them in the 20 
years between 1871 and 1890. Some of 
these varieties still rank high in yielding 
ability and cooking quality, but problems 
of late blight and other diseases were 
not solved by their production; conse- 
quently the research emphasis shifted to 
other methods of disease control. Such 
controls have been more or less success- 
ful, and they have provided consumers 
with a supply of potatoes fit for con- 
sumption, but they add greatly to the 
drudgery and cost of producing the crop. 

However, the search for potatoes that 
are resistant not only to late blight but 
to many other diseases and insects has 
continued and in recent years has been 
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The possibilities of 
our 


greatly intensified. 

finding many such 
cultivated varieties were limited by the 
relatively small number of importations 
that were originally made to Europe and 
the United States; so expeditions have 
gone into Mexico and Central and South 
America, the original home of the potato, 
to search for new varieties that might be 


characters in 


used to improve the commercial types 
that are grown so extensively in the 
potato-producing countries of the world. 

The early expeditions were looking for 
the original cultivated and 
were not greatly interested in the wild, 


varieties 


or so it would seem, for, as Hawkes (3) 
states, no mention of wild potatoes was 
made in the early literature, and for 
over two centuries after the introduction 
of the cultivated types wild potato spe- 
either observed or 
considered cultivation. 
Even at the present time it is not always 
possible to place the species accurately 
in one or the 
wild or cultivated, since all stages be- 
tween the truly wild and genuine culti- 
vated potatoes may be observed. The 
Indians may gather the tubers of plants 
that are growing wild in the woods and 
on the hillsides to supplement their ordi- 
Other potatoes oecur 


cles were not were 


escapes from 


other of the categories, 


nary food supplies. 
in and around native settlements often 
as weeds in cultivated fields. The tubers 
of these may be eaten at certain times 


when the normal crop fails, and they 
probably represent types whose tubers 
were gathered from the wild and _ por- 
tions dropped around the huts and 


thrown away as inedible. 

In spite of the difficulties, a 
number of wild species had been col- 
lected and described by the end of the 
nineteenth century; but it was custom- 
ary as late as 1911 for authors to con- 
sider all or most wild species to be sub- 


large 


species, or even varieties, of Solanum 
tuberosum. 

From 1911 to 1913 Bitter described 52 
new species from dried material that he 
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1925 
Rydberg defined about a dozen more. 


found in European herbaria. In 


Since that time expeditions have gone 
from the United States, Sweden, 
Germany, Great Britain and Russia to 
search in Mexico and Central and South 
America for the relatives of the potato, 
both wild and cultivated. At the pres- 
ent time, as in the times of the Spanish 
Conquest, potatoes are widely erown in 
the plateaus of the Andes and in the 
The 
species grown by the Indians exhibit a 
great variety of characters. Many have 
purple skin and produce very 
The flesh is 
often deep yellow, red or purple. The 
flesh of some is so dark that they have 
been called “ black potatoes’. Further- 
more, these types differ in their reactions 


out 


coastal plains of southern Chile. 


} 
rea or 


rough, deep-eve tubers. 


to various diseases and insects. 

The various expeditions conducted by 
the United States Department of Agri- 
(Fig. 2) and South 
America brought back species and varie- 
ties, 
of great value to the work of the potato 


culture in Mexico 


some characters of which should be 
geneticist. The Russian expedition was 
the largest in size and scope, and we are 
indebted to men like Bukasov (1) for a 
better understanding of some of the rela- 
tionships among the species that were 
already known and those found by the 
Russian collectors. They collected, cata- 
logued and described 18 new cultivated 
and a number of wild species. 

In 1939 a British expedition made ex- 
tensive explorations and brought back 
1,000 specimens of various 
After a detailed 
study of this collection, which required 
the work of a number of people for three 
vears, Hawkes (3) published an outline 
of present knowledge on the phylogeny 


more than 


species and varieties. 


and systematic relationships of wild and 
cultivated potatoes. At the present time, 
at least 150 wild species and more than 
20 cultivated species have been studied 
and described. 

The wild species occur in a wide range 


d 
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of growing conditions; some in the semi- 
deserts of North Argentina and South 
Bolivia; others in the wet Andean sub- 
tropical forests where the rainfall is very 
high. The indigenous cultivated potato 
is restricted to the temperate or cool- 
temperate regions of the Andes in south 
Chile and possibly also in Mexico and 
central Mexico. 

The greatest concentration of species 
occurs in Peru and Bolivia, and from 
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day and would consequently yield well 
when brought to Europe. Hawkes (4), 
in defense of his position that the first 
importations into Europe came from the 
temperate regions of the Andes and not 
from Chile, makes the following points. 
In the first place Chile had not been 
conquered by the year 1570 when the 
potato first beeame known in Europe. 
Second, conditions of travel at that time 
were such that it would have been im- 


Fig. 2. Dr. Donovan 8. Correll, U.S. Department of Agricuiture (right), and Isidro Cisneros, 
his Mexican assistant, enroute to the mountainous region of southern Mexico to search for wild 


potatoes lor use mn breeding improved Varieties 


with funds from the Research and Marketing 


The expedition, one of the first to be made 
of 1946, brought back 110 collections of wild 


potatoes The material will be used in attempts to develop varieties resistant to blight and 


other diseases 


this and other facts Hawkes (5) believes 
that this region was the center of origin 
of the cultivated potato. The Russian 
geneticists, led by Vavilov, Bukasov and 
Juzepezuk, considered that the European 
potato came from Chile and gave the 
Chilean potato the name Solanum tuber- 
osum. They considered the European 
introduction to be a variety of that spe- 
cies and gave it the name S. tuberosum 
var. evropaeum. They based their evi- 
dence chiefly on the fact that the Chilean 
potatoes were already adapted to a long 


possible to preserve a potato tuber for 
the length of time needed to transport it 
from Chile to Spain. Third, the potato 
when brought to Europe was not a good 
vielder, so that it was not necessary to 
postulate the necessity of a long-day- 
adapted plant when first introduced. 


Cytogenetic Relationships 


The genus Solanum L., to which both 
wild and cultivated potatoes belong, 
contains about 2,000 species. Most of 
these are herbs and small shrubs, often 
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potatoes in 
this series. 
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Tuberosa Ryd. 
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covered with spines and thorns. At least 
150 are tuber-bearing. These belong 
botanically to Hyperbasarthrum, one of 
the two subdivisions of the subsection 
Tuberarium. The subdivision is further 
divided into 13 series. These species 
groups, their chromosome numbers, their 
geographical distribution, the present 
knowledge of their crossability with S. 
tuberosum, and some of their important 
characters are found in Table I which is 
a partial summary of the information in 
a paper by Hawkes (3). 

More than 150 wild and at least 23 
cultivated have studied 
taxonomically and cytologically, but the 
work of evaluating them from the ge- 
netic standpoint has barely begun. From 
the cytological standpoint the species 
are in five groups, with somatic chromo- 
some numbers of 24, 36, 48, 60 and 72. 
The whole polyploid series is found in 
Mexico, but in South America no penta- 
ploid or hexaploid wild species have been 
located, and only one pentaploid culti- 
vated species. In Mexico only six dip- 
loid species were noted, but tetraploids, 
pentaploids and hexaploids were quite 
common. In South America, on the other 
hand, diploid wild species are the most 
common, especially in the series Com- 
mersoniana and Tuberosa. 

A number of the species with the so- 
matie chromosome number for each are 
given in Table II. 

Not all of the wild and cultivated spe- 
cies of potato have been evaluated, but 
some of them possess characters that are 


species been 


of great interest to the potato geneticist. 
A list of the better known 
grouped according to these characters, is 
found in Table ITI. 

With all the genetic material available 
it should be possible to get any desired 
combination of characters in one vari- 
ety, but the problem is not simple. 
Many species grow in latitudes where 
the length of day is about 12 hours. 
They apparently produce good crops of 


species, 


filamentum (2n = 36). 
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tubers in such a photoperiod, but some 
of them will produce no tubers at all, 
or at best only a few small ones when 
grown in the long photoperiods of our 
northern States. The genetic factors 
that condition yield and market and 
cooking quality must for the most part 
be obtained from the adapted commer- 
cial varieties; and, whereas some spe- 
cies like Solanum demissum (Fig. 3), S. 
acaule and S. commersonit are more or 
less interfertile with S. tuberosum, others 
have so far proved impossible to cross 
with it, even though crossing techniques 
have been improved in recent years. 

Despite the difficulties, a number of 
species hybrids have been made.  Per- 
haps those that have given us the most 
important results are the crosses between 
Solanum demissum and S. tuberosum. 
According to Hawkes (5), modern potato 
breeding dated from the first decade of 
this century when R. N. Salaman dis- 
covered true blight immunity in a wild 
potato species from Mexico (S. demis- 
Reddick (14) records some of his 
experiences with this species. Solanum 
demissum, with 72 chromosomes, might 
not be expected to cross with domestic 
varieties that have only 48 chromo- 
somes, but if S. demissum is used as the 
female parent, crosses are easily effected. 
Although S. demissum sets seeds very 
freely, its pollen is rarely effective when 
used on domestic varieties. 

Kmme (2) reported from Germany 
that 16 plants were raised from a cross 
Solanum demissum (2n = 72) x S. tenui- 
Chromosome 
counts on six of the F, plants showed 
numbers varying from 50 to 60. A cross 
between S. phureja (2n = 24) and S. 
jamesi (2n = 24) was also made, and, 
although the reduction division in the 
hybrids was normal, no fruit was set by 
them. Hybrids were produced also be- 
tween other 24-chromosome species. In 
a cross between S. antipovichi (2n = 48), 
female, and S. tuberosum (2n = 48), male, 
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TABLE II 
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SOMATIC CHROMOSOME NUMBERS (2n) OF POTATO SPECIES 


24 Chromosomes 


Solanum ahanhuiri Juz. & Buk. 

S. aracc-papa Juz. 

. boyacense Juz. & Buk. 

. brevidans Phil. 

. bukasovii Juz. 

. caldasii Humb. & Bonl. 

. caldasii glabrescens Dun. 

. chacoense Bitt. 

. cuencanum Juz. & Buk. 

fernandezianum Phil. 

. goniocalyx Juz. & Buk. 

. jamesii Torr. 

kesselbrenneri Juz. & Buk. 

looserii Juz. 

phureja Juz. & Buk. 

. polyadenium Greenm. 

. rybinii Juz. & Buk. 

stenotomum Juz. & Buk. 

. vavilovii Juz. & Buk. 

. saltense Hawkes 

jujuyense Hawkes 

. tarijense Hawkes 

. glanduliferum Hawkes 

. ballsii Hawkes 

. berthaultii Hawkes 

. soukupii Hawkes 

. punoense Hawkes 

canasense Hawkes 

multidissectum Hawkes 

. lechnoviczii Hawkes 

pampasense Hawkes 

anomalocalyx Hawkes, 

. brevimucronatum Hawkes 

. lapazense Hawkes 

. calsense Hawkes 

. fragariaefructum Hawkes 

. churuspi Hawkes 

. yabari Hawkes 

. cardenasii Hawkes 

. phureja Juz. & Buk. var. pujeri 

Hawkes 

. ascasabii Hawkes 

. rybinii Juz. & Buk. var. bogotense 

(Juz. & Buk.) Hawkes 

S. rybinii Juz. & Buk. var. boyacense 
(Juz. & Buk.) Hawkes 

S. rybinii Juz. & Buk. var. popayanum 
Hawkes 

S. rybinii Juz. & Buk. var. pastoense 
Hawkes 


ANNNNNANANNANN 


ANNNANNNNANNANNANNANNANNANNANNAN 


AWN 


36 Chromosomes 


AMNNANNANDNANANAAN 


. cardiophyllum Lindl. 

. cardiophyllum var. coyoacanum Buk. 
. chaucha Juz. & Buk. 

. chocclo Buk. & Lechn, 

-» commersonii Dun. 

. juzepezukii Buk. 

- maglia Schlechtd. 

. mammilliferum Juz. & Buk. 

. medians Bitt. 

. riobambense Juz. & Buk. 


. tenuifilamentum Juz. & Buk. 
. vallis-mexici Juz. 


. coeruleiflorum Hawkes 


48 Chromosomes 


- acaule RBitt. 

- ajuscoense Buk. 

. andigenum Juz. & Buk. 
. antipovichi Buk. 


colombianum trianae Bitt. 


. edinense P. Rerth (some forms) 

. fendleri A. Gray 

. leptostigma Juz 

. tuberosum L. 

. depexum Juz. 

. longipedicellatum Bitt. var. longimu- 


cronatum Hawkes 
. malinchense Hawkes 


. tlaxcalense Hawkes 


. sucrense Hawkes 
. subandigenum Hawkes 


60 Chromosomes 


. curtilobum Juz. & Buk. 
. edinense P. Berth. (some forms) 


. semidemissum Juz. 


. salamanii Hawkes 


72 Chromosomes 


S 
S 
S 
S 
S 


S 
Ss 


S 


. demissum Lindl. 

. demissum Lindl. f. calycotrichum 
Hawkes 

. demissum Lindl. f. tolucense Hawkes 
. demissum Lindl. var. orientale Hawkes 

. demissum Lindl. var. mastoidostigma 
Hawkes 

. demissum Lindl. f. perotanum Hawkes 
. demissum Lindl. f. longifilamentosum 
Hawkes 

. demissum Lindl. var. megalocalyx 
Hawkes 
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TADLE Ill 
POTATO SPECIES KNOWN TO HAVE CRARACTERS OF INTEREST TO THE POTATO GENETICST, 


Frost Resistance 
Solanum acaule Pitt. 
S. ahanhuiri Juz. & Buk. 
S. andigenum Juz. & Buk. 
S. bukasovii Juz. 
S. commersonii Dun. 
S. curtilobum Juz. & Buk. 
S. demissum Lindl. 
S. edinense Rerth. 
S. juzepezukii Buk. 
S. millanii Ruk. & Lechn. 
S. semidemissum Juz. 


Drought Resistance 
S. medians Pitt. 
S. vavilovii Juz. & Puk. 


Late Blight Resistance 
S. ajuscoense Buk. 
S. antipovichi Buk. 
S. bulbocastanum Dun. 
S. demissum Lindl. 
S. henryi Buk. & Lechn. 


————— 


GROUPED ACCORDING TO THESE CHARACTERS 


S. millanii Buk. & Lechn. 
S. polyadenium Greenm. 
S. vallis-mexici Juz. 

S. verrucosum Schlect. 


Virus Resistance 
S. rybinii Juz. & Buk. 


Early Maturity 
S. phureja Juz. & Buk. 
S. rybinii Juz. & Buk. 


Short-day Adaptation 
S. acaule Ritt. 
S. antipovichi Buk. 
S. bulbocastanum Dun. 
S. demissum Lindl. 
S. goniocalyx Juz. & Buk. 
S. juzepezukii Buk. 
S. semidimissum Juz. 
S. squamulosum Mart. & Gal. 
. vallis-mexici Juz. 
S. verruicosum Schlecht. 


Ivanov (6) found that the F, hybrid 
had 72 somatic chromosomes, which in- 
dicates that one of the gametes was un- 
reduced. One F, plant showed 34 to 42 
elements, mostly 36 to 39, at the meta- 
phase of the first meiotic division. Fos, Fs 
and Fy plants showed 69 to 70 somatic 
chromosomes. 

Lamm (8) 


reported that the cross 
pentaploid Solanum curtilobum (2n = 60) 
< tetraploid S. tuberosum (2n = 48) can 


be easily made and that fertile hybrids 
with chromosome numbers intermediate 
between those of the two parents can be 
obtained. The reciprocal cross is diffi- 
cult to make, but it has been carried out 
by grafting the female parent S. tube- 
rosum on tomato. The hybrids produced 
also have intermediate chromosome num- 
bers, but they are totally sterile. Mei- 
osis in the hybrids with S. curtilobum as 
female parent takes place normally and 
in a manner similar to that in the 
parents. In the hybrids with S. tuber- 
osum as female parent, only univalents 
occur at metaphase and dyads are 
formed. The nuclei of the dyads gener- 


ally degenerate. These differences be- 
tween reciprocal hybrids may be due 
either to cytoplasmic inheritance or to 
other maternal effects. 

Ivanovskaya (7) in Russia reported 
that studies were made of hybrids of 


Solanum tuberosum (2n = 48) with S. 
rybin (2n = 24), the latter of interest 


for its partial virus resistance, and with 
S. phureja (2n = 24) whose tubers con- 
tain up to 19.56 percent protein. Seven 
of the F, plants had the expected 36 
somatic chromosomes; 22 had 2n = 48; 
and one had 2n = 24. 

Although species hybrids are full of 
possibilities and can contribute much to 
the production of improved varieties, it 
is with the cytological and genetical be- 
havior of the two species Solanum tuber- 
osum and S. andigenum that we are pri- 
marily concerned. For many years it 
Was supposed that the cultivated varie- 
ties of potato were functional diploids. 
The number of chromosomes 
(2n = 48) was determined by a number 


somatic 


of investigators, and many irregularities 
in chromosome behavior were reported. 
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In metaphase I, most research workers 
have observed such irregularities as un- 
paired univalents and sometimes multi- 
and 


division 


valent chromosome rings chains. 
However, in the the 


irregularities are not so frequent as one 


second 


would suppose from the presence of the 
many univalents. The multivalent groups 
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somes In prophase. The secondary takes 
place in the metaphase as an attraction 
between chromosomes of original phylo- 
The first 
association is peculiar to autotetraploid 


genetic homology. type of 


and the second to allotetraploid species. 


This same grouping of chromosomes in 


tetraploid Solanum has also been ob- 


Fic. 3. 
Industry Station, Beltsville, Md. 
(2n=72). Some varieties of this species are 


and show a degree of resistance to frost. 


Solanum demissum, originally from Mexico, growing in the greenhouse at the 
It represents to date the highest st p in the polyploid series 


Plant 


immune from late blight (Phytophthora infestans) 
It possesses, however, a number of undesirable charac- 


ters, forming tubers under a short day, but few if any under the long days of our northern States. 


The tubers in the latter areas are no larger than nuts, have an unpleasant taste, 
variety has been used sucec ssfully in breeding varieties resistant to late 


However, the 
of which ar 


stolons. 
blight, som« 


were especially observed and studied by 
Meurman and Rancken (10) who found 
groups S1X 
They said that this grouping of chromo- 


of three to chromosomes. 
somes in metaphase in most cases can 
be attributed to primary and secondary 
associations. The primary association is 
the result of conjugation and chiasma 
formation between homologous chromo- 


in commercial production in thy 


and grow on long 
United States 


served by Muntzing (12) who, however, 
records it as secondary association. 
Since primary association, which is 
peculiar to an autotetraploid, and sec- 
ondary association, which is peculiar to 
an allotetraploid, have both been found, 
be determined from the chro- 
which group the 
belongs. Meurman 


it cannot 
mosome behavior to 


cultivated potato 
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Raneken (10) consider that it 1s 
fundamentally autotetraploid, but they 
have observed that there are only two 
instead of four chromosomes with satel- 
lites, which indicates that some chromo- 
some differentiation has taken place, so 
that the potato now has a number of the 


and 


characteristics of allotetraploids. The 
genetic evidence as to the nature of 
polyploidy is likewise conflicting. In all 


reports on the genetics of potatoes up to 
1930, the inheritance is interpreted to be 
Miller (11) was the first to 
explain data on a tetrasomiec basis in 
connection with his studies on resistance 
to late blight (Phytophthora infestans). 
All of Lunden’s early writings and the 
earlier ones by Jorstad and Lunden in- 
terpreted the inheritance of genetic fac- 
tors on a disomic basis; but in a more 
extensive study (9), based on very large 
populations, Lunden coneluded that the 
segregation of all the factors he worked 
with was tetrasomic. Since Lunden’s 
work there has been a tendency amongst 
most investigators to explain results on 
a tetrasomic rather than on a disomic 
It is the only way that the breed- 
ing behavior of many characters can be 
interpreted. However, the exact nature 
of polyploidy in the potato is a problem 
that is still far from being solved by 
either cytological or genetic investiga- 
tions. It is doubtless complicated by 
the fact that Solanum tuberosum is an 
old polyploid which has undergone con- 
siderable change since it first came into 
being. It is probable that some of the 
chromosomes have become differentiated 
into two pairs so that their behavior 
is that of an allotetraploid, whereas 
others have undergone little or no differ- 
entiation and continue to pair among 
themselves at random like the four 
homologous chromosomes of a true auto- 
tetraploid. 


disomic. 


basis. 


Potato Production 


Many of the stories relating to the 
introduction of the potato into Europe 
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and North America are no doubt legend- 
ary, as are some of the tricks that were 
supposed to have been adopted to get 
people to use the tubers for food. The 
spectacular increase of the potato as a 
food crop, however, is not legendary but 
is one of the miracles of agriculture. It 
is a little less than 400 years since it was 
introduced into Europe, and about 230 
years since it was brought from Ireland 
to be grown by the colonists in New 
Hampshire. Now, with the exception of 
the cereals, it is the most important food 
crop in the world. 

The prewar average world production 
of potatoes from 1935 to 1939 was 
slightly less than eight and one-half bil- 
lion bushels. About 91 percent was pro- 
duced in Europe, including the Union of 
Soviet Socialist Republics; five percent 
in North America; nearly three percent 
in Asia, excluding the Union of Soviet 
Republics; one percent in South Amer- 
ica; and less than one percent each in 
Africa and Oceania. The five largest 
potato-producing countries of the world 
were the Union of Soviet Socialist Re- 
publies, accounting for 33 percent of the 
world’s crop; Poland and Germany (1934 
to 1938), 17 and 14 percent, respectively ; 
France, seven percent; and Czechoslo- 
vakia, four percent. In 1947 the total 
world production of potatoes dropped to 
7.3 billion bushels. The acreage that 
year, 51.2 million acres, was somewhat 
smaller than the 52.8 million acres from 
1935 to 1939, and the world average 
vield per acre was only 142.3 bushels, as 
compared with 159.5 bushels in the pre- 
war period, largely the result of unfavor- 
able weather conditions, particularly in 
some of the European countries. 

Potatoes are grown to some extent in 
every State in the Union. The total 
production varies from year to year. 
The estimate for the 1949 crop in the 
United States was approximately 400 
million bushels, slightly below the aver- 
age for the preceding ten years. The 
1949 acreage was 30 percent below that 
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but the produc- 
tion was reduced only two percent. The 
vield 211 bushels, 
which exceeds the ten-year 
1936 to 1945 by 
recent: years the area devoted to pota- 
cut drastically, but the 
yields per acre have been on the increase. 
This is due 
vielding, disease-resistant 
proved — fertilizer 
fungicides and insecticides, 
spraying and dusting 
advanced programs of seed certification. 


of the ten-year average, 


average acre was 
for 


In 


average 
about 77 bushels. 


toes has been 


to several factors; new high- 
im- 
improved 
improved 
equipment, and 


varieties, 
practices, 


There has been a shift, too, from the less 
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Wisconsin, 14 million: Oregon, 12 mil- 
lion: and Washington, ten million. The 
large corn-producing States of Illinois 
and lowa produce about one million 
bushels of potatoes each. 
Utilization 
In the United States and England 


potatoes are used principally for human 
consumption. 
tries they are for 
livestock. It is said that a high propor- 
tion of the world crop, 
than that 
ior 


In other European coun- 


important as a food 
possibly higher 
is used 
Kuro- 


human food, 


Also, in 


used for 


feeding stock. some 


—_ 


” 
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Fic. 4. A panoramic view of the country surrounding the city of Presque Isle, Maine, in the 
heart of Aroostook County, the largest potato-producing county in the United States In the 
foreground is a field of Katahdin potatoes, which variety was distributed to growers by thi 


United States Department of 


nearly one-third of all the 


productive to the more productive lands. 


As a result, the vield per acre for the 
country as a whole is nearly twice that 
f 20 years ago. 

Maine is by far the leading State in 


4) with an esti- 
mated crop of nearly 67 million bushels, 
or about 17 percent of all the 
in the United States; 
ranks second with about 43 million; and 
Idaho third with 35 million. Other lead- 
ing States in the order of production are 
New York, 31 million bushels; Pennsyl- 
vania, 19 million; Colorado and North 
Dakota, 18 million each; Michigan, 
about 17 million; Minnesota, 16 million; 


potato production (Fig. 


potatoes 


crown California 


over 


Agriculture in 1932 
certified seed produced in the 


1949 more than 15,000,000 bushels, o1 
United States, was Katahdin 


and in 


pean countries large quantities of starch, 


alcohol and other by-products are pro- 
duced from potatoes, and crops are 
grown especially for these purposes, In 
the United States, however, it is more 


economical to produce starch from cereal 


grains, and aleohol from grains or as a 
by-product of the sugar industry. The 
potato suffers two disadvantages: its 
comparatively low stareh content and 
its short life in storage. However, if if 


for 
which other 


were not our fabulous crops of corn, 
have, the 
the chief 
aleohol in this 


circumstances 


countries do not 
potato might become one of 
of starch 


Under 


and 
present 


sources 


country. 
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only the culls and surpluses are sent to 
the starch and alcohol plants. 

The decline in per capita Consumption 
has been so great as to cause much 
is now less 

This, to- 
gether with the increase in yield per 
acre, about twice what it was 20 years 
ago, has resulted in large surpluses that 
must be fed to livestock, manufactured 
into by-products, or dumped. The United 
States Department of Agriculture has 
been putting forth every effort to find 
outlets. 

Potato utilization varies somewhat 
from year to year. A few years ago it 
was considered that 375 million bushels 
Of this, 81 percent 
was used for food, five pereent for seed 
and 14 percent for various non-food uses. 
Direct table consumption would account 
for 75 percent, exports a fraction of one 
percent, and processing for food about 
five percent. Of the 14 percent non-food 
about half was fed to livestock and the 
remainder used for industrial purposes. 
About three percent of the whole crop 
was manufactured into starch. 

The goals * for the 1950 crop are set 
somewhat lower, 335 million bushels. It 
is estimated that 77 pereent will be re- 
quired for food, 11 percent for seed, and 
the remaining 12 percent for non-food 
purposes. Food processing needs are ex- 
pected to take about 24 million bushels 
or about percent of the whole 
crop. Out of 39 million bushels for non- 
food uses, more than 50 percent is ex- 
pected to be used in livestock feeding. 
As before, a fraction of one percent will 
be exported and about three percent of 
the whole crop manufactured into starch. 

The water content of the potato can 
be reduced and the storage period length- 


alarm in some quarters. It 
than two bushels per annum. 


was a normal crop. 


seven 


* The estimates for the 1950 crop were fur- 
nished by R. H. Treadway. 
technology section, carbohydrate 
the Regional Research 
Philadelphia, Pa. 


In charge potato 
division of 
Laboratory, U.S.D.A., 
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ened by dehydration, and during the war 
of 1939 to 1945 the dehydration industry 
expanded to The 
dried potatoes were shipped to our men 
and allies overseas, but 


great proportions. 
as soon as the 
war was over the amount of dried pota- 
toes used for human consumption was 
reduced to a negligible quantity. The 
consumer prefers fresh potatoes. 

The potato chip industry has increased 
rapidly during the last 20 years. It is 
estimated that between 20 and 25 mil- 
lion bushels of potatoes are now 
sumed as chips. 


con- 
Chips are an excellent 
source of energy-producing substances. 
They are dried by the frying process and 
absorb a large amount of fat. They are 
much higher in food value than boiled 
potatoes, because of their low water and 
high fat contents. 

Potato starch is particularly suitable 
for sizing paper and textiles and is used 
It is 
used in the food industry in pudding 
mixtures, pie fillings and soup powders, 
and has many other uses. 

The potato as a source of alcohol has 
not been important in the United States, 
but it has been used more extensively 
for this purpose in some of the countries 
of Europe. In peacetime, Germany used 
approximately seven percent of the crop, 
or about 100 million bushels, for distill- 
ing, starch manufacture and drying, 
compared with ten percent waste. and 
nearly 70 percent used for human con- 
sumption and stock feeding. A portion 
of the aleohol was used for beverages, 
such as schnapps. In Russia alcohol 
produced from potatoes was used on a 
large scale as a starting point in the 
production of synthetic rubber (15). 

Many other products can be made 
from potatoes, such as dextrin, plastics, 
adhesives, lactic and other organic acids, 
acetone, butylene, and glycol; but, as 
for the production of starch or alcohol, 
potatoes are a less efficient raw material 
than corn. Unless ways and means are 


for finishing fine cotton goods. 
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found to remove the two disadvantages 
of the potato, its bulkiness and the diffi- 
culties and losses involved in storing, or 
unless more efficient ways are found to 
manufacture the by-products, 
the potato will continue to be used in the 
United States chiefly as human food, 
although there indications that 
greater amounts may be used as feed for 
livestock. 


various 


are 


Food Value 


The excellent food values of the potato 
have long been known, and in recent 
years there has been renewed activity 
to determine the values involved. The 
main constituents of the tubers vary 
widely in quantity, both between varie- 
ties grown under the same conditions, 
and within a variety when grown under 
widely different conditions. A variety 
grown in the North may be quite unlike 
the same variety grown in the South. 
This variation is dependent on the char- 
acter of the soil on which the crop is 
grown, on drainage, seasonal conditions 
(wet or dry, hot or cold), the kind and 
application of fertilizers, time of plant- 
ing, spray program, condition of ma- 
turity at harvest time, storage tempera- 
ture and humidity, and length of storage 
period. Someone has said that the most 
invariable thing in nature is variability, 
and that is certainly true of the potato. 
Nevertheless, 
shown that the average tuber contains 
75 to 80 percent of water, 12 to 20 per- 
cent of starch (occasionally this amount 
may reach 23 to 25 percent), one and 


chemical analyses have 


one-half to two percent proteins, and 
two to three percent of fiber and ash 
(mineral salts), as well as a number 
of vitamins. Other minor constituents 
might be mentioned; sugars in freshly 
harvested potatoes, 0.5 percent; acids, 
0.5 percent; pectin, 0.25 percent; fat, 0.1 
percent. 

The potato is important for calories 
derived from its starch, but some of the 
other constituents are extremely valu- 
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able, especially to people of low income 
who in normal times eat more than their 
proportionate share of potatoes. It is 
estimated (15) that under ordinary con- 
ditions the cost per calorie obtained from 
more than half of the 
cost from the best wheat bread. 

Aside from starch, it is difficult to say 
which of the other constituents is of 
most importance in the diet. It depends 
to a great extent on whose diet is under 
With the present high stand- 
ard of living of the middle classes, who 
are buying more meat, eggs, vegetables 
and fruits of all kinds than ever before, 
perhaps none of the proteins, minerals 
or vitamins in the potato are highly im- 
portant, since they are obtained in quan- 
tity from various other foods. However, 
these constituents are extremely impor- 
tant in the diet of the man engaged in 
heavy work who eats relatively large 
quantities of The 
potato contains from one and one-half to 
two percent of nitrogen-containing sub- 
About one-half of this amount 
is “tuberin”, a good protein, and the 
remainder a collection 
and organic bases. 


potatoes is not 


discussion. 


potatoes. average 


stances. 


of amino acids 
The quality of these 
nitrogenous substances is good, but they 
are in such small quantities that unless 
people were to many more 
potatoes than they do at present the 
amount of protein obtained from this 
source would hardly be worthy of con- 
sideration. 

The mineral elements in the potato 
(15) are, approximately: iron, 0.01 per- 
cent; calcium, 0.05 percent; magnesium, 
0.1 percent; sulfur, 0.15 percent; chlo- 
rine, 0.2 percent; and potassium, 2.0 per- 
cent of the dry weight of the tuber. In 
addition, the trace elements, copper, 
boron, manganese and iodine, which in 
very small quantities contribute to 
human health, are all present. 


consume 


Among the vitamins in the potato are: 
ascorbic acid, the antiscurvy vitamin C; 
the anti-beriberi vitamin B,; riboflavin, 
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or vitamin Bs; and nicotinic acid, the 
anti-pellagra vitamin. 

It has been known for centuries that 
the potato is an important article of diet 
because of its anti-scorbutie properties. 
It was more important in the past when 
other sources of vitamin C were not 
readily available. Ascorbic acid in the 
potato has been reported as being on a 
low level when compared on a weight 
basis with oranges, lemons, broccoli, cab- 
bages, tomatoes and other so-called rich 
sources. However, to people engaged in 
hard labor and others in the low income 
groups, Who eat more than their propor- 
tionate share, the potato assumes a pri- 
mary position as a source of supply of 
vitamin C, 

One pound of cooked new potatoes 
may contain 75 mg. of ascorbie acid, the 
minimum quantity regarded as adequate 
for the daily needs of an adult by the 
League of Nations Commission of 1939 
(15). However, the vitamin-C content 
is extremely variable. Some of the fae- 
tors that contribute to the variability 
are: variety, season, maturity of tubers, 
place where grown, method of growing, 
storage, and cooking practices. 

Werner and Leverton (16) reported 
that the asecorbie acid content of pota- 
toes differs with varieties, and they 
point out that dependable differences 
among varieties can be established only 
after analyzing many tubers of each 
variety produced under various condi- 
tions, harvested at various stages of de- 
velopment, and stored at various tem- 
peratures. These factors may alter the 
comparative positions of varieties in 
relation to ascorbic acid content. 

Murphy et al. (13) showed that in 
Maine in 1942 raw new potatoes of 54 
varieties contained ascorbic acid compa- 
rable to and sometimes in excess of the 
amount in field-grown tomatoes. The 
tested samples included 22 leading com- 
mercial American varieties, 14 promising 
seedling varieties, 16 German varieties 
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and two wild varieties from South 
America. The commercial varieties were 
found to contain 22 to 38 mg. ascorbic 
acid per 100 grams fresh weight; seed- 
lings, 20 to 40; and the German varie- 
ties, 22 to 40. Individual tubers ranged 
as low as 19 and as high as 45 mg. 
Duplicate tests differed by 1.45 mg. and 
replicate plots by 3.01 mg. Varieties 
were found to be significantly different 
from one another. The same varieties 
showed large seasonal variations in 
ascorbic acid content. The mean value 
for seven varieties tested in 1942 was 45 
percent higher than the 1939 value for 
the same varieties and 50 percent higher 
than the mean for 1938. Part of the 
difference may have been due to the dif- 
ference in the time the potatoes were held 
in storage before they were analyzed. 
Thirteen varieties grown in two different 
localities had a correlation coefficient of 
- 0.79 + 0.07 between localities. There 
appeared to be no correlation between 
ascorbie acid value and size or shape of 
tubers, eye depth, starch content or re- 
sistance to 13 common diseases. Twenty 
late-maturing varieties averaged 3.08 
+ 0.56 mg. per 100 grams higher in 
ascorbic acid than ten early-maturing 
varieties. As the late varieties were 
immature when dug, the physiological 
age of the tissue may have been re- 
sponsible for the difference. Yellow flesh 
color, common to many of the German 
varieties, was not associated with un- 
usual vitamin C values. 

Potatoes grown on dry land generally 
have a greater amount of ascorbie acid 
than potatoes on irrigated land (16), 
and potatoes grown under a straw mulch 
show a higher vitamin C content than 
those grown without a straw mulch. 
However, if the tubers are harvested on 
the same day the differences may be 
attributed to the differences in physio- 
logical age rather than to the conditions 
under which they were grown. Potatoes 
lose ascorbie acid in storage, but the rate 
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of loss depends to a great extent on the 
temperature of the storage house. They 
lose the least vitamin C when they are 


stored between 50° and 70° F. As the 
temperature is lowered from 50° to 40 
the loss steadily increases (16). Sala- 


man (15) stated that after five months 
in storage the ascorbic acid content may 
be reduced to one-third of its original 
strength. 

Vitamin C is lost also in the cooking 
processes. Werner and Leverton (16) 
found that with the most careful methods 
of cooking, that is, using very little water 
and tight-fitting lids, 
vitamin C may be as low as five percent, 
but when potatoes are boiled vigorously 


cooking losses of 


in a large amount of water, losses may 
be as high as twenty percent or more. 

In spite of the many that 
cause losses of the ascorbic acid content 
in the potato, it is one of the important 
vitamin in certain 
tions and among certain groups of people 
in this country, to whom many of the 
fruits and vegetables that are rich in 
vitamin C are not available. The potato 
has been of inestimable value in England 
and other countries of Europe. Salaman 
(15) reports that the prewar 
consumption of potatoes per person in 
England was not less than 12 ounces per 
day and was usually higher in the house- 
holds of the poor. Such a diet of pota- 
toes furnished enough vitamin C, even 
if this were the only source, to protect 
the people against scurvy. It is stated 
further that in the two great wars the 
potato was the sheet anchor in England 
against vitamin C deficiency, and that 
in 1916 when the crop failed, cases of 
scurvy soon appeared in the towns. 

The value of the other vitamins is not 
to be overlooked. It is said (15) that 
14 ounces of boiled potatoes will supply 
about one-third of the amount of thia- 
min, the anti-beriberi vitamin B,, re- 
quired by an adult in his daily diet. 
Riboflavin is present in the potato in the 
same ratio as in equal quantities of 


factors 


sources of this sec- 


average 
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Wheat, meat or fish. Nicotinic acid, the 
anti-pellagra vitamin, is not found in 
large enough quantity to protect against 
the malady, but it is said the disease is 
unknown in those countries where the 
potato is freely eaten. The potato is 
deficient in vitamin A and the anti- 
rachitic vitamin ID, but in countries 
where it is consumed in large quantities 
the deficiencies are satisfied by milk 
which is generally available in the poorer 
agricultural communities. 
The still the 
bread and can be depended upon in cases 
of emergency to furnish the poor and 
rich alike with food that would sustain 
life and health for relatively long periods. 


potato is poor man’s 
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Utilization Abstract 


Khus. Khus (Vetiveria zizanioides Stapt) 
is a graminaceous source of a valuable oil in 
India where the plant has several popular 
names: vala (Mararathi), khus (Hindu and 
sengali), velamachamver or vetiver (Tamil 
and Telugu) and ramacham (Malayalam). 
‘Tt is known also as * khus khus’ and is thus 
confused with poppy seed. The earliest 
record in India of khus root as an article of 
commerce was found on twelfth-century 
copper plates in Etawah, south-east of Agra, 
from which it appears that the kings of 
Kanau) levied a tax on khus root ”’ 

“Its habitat is extensive, and includes the 
plains and lower hills of India, Burma and 
Ceylon, up to 4,000 ft., especially throughout 
the Punjab, the U.P., Bharatpur State and 
parts of Ajmer. It is practically all wild 
and little is cultivated. It thrives best on 
the banks of rivers, in rich marshy soil, in a 
warm damp climate, also on firm sandy and 
clayey soil, average temperature of 30° C 
In South India it is cultivated, e.g., in Mala- 
bar, Tuticorin, and 8. Travancore ” 

“ Khus is a densely tufted perennial grass 
of gregarious habit growing in stout clumps, 
3-6 ft. in height, with the root stock branch- 
ing into spongy, aromatic fine rootlets. Leaves 
are 1-3 ft. long, narrow, erect, rigid, some- 
times slightly spongy. . . . There are appar- 


ently two varieties, flowering and non-flower- 
ing; in North India mostly the former; in 
South India both are found ’ 

“The young grass is eaten by cattle and 
sheep. The total quantity of roots lifted per 
vear in North India is estimated at about 
2,400 tons, but as much again or more is left 
in the ground. Total for all India is said to 
be nearly 3,000 tons, of which a little more 
than half is used for making tattis and other 
purposes, and about 1,440 tons for distilla- 
tion. Tattis are aromatic mats and screens, 
and are in great demand in the hot season. 
If kept continually wet they cool the atmos- 
phere and spread a fine refreshing odor. 
Apart from these uses the roots have medici- 
nal properties and are employed in various 
Ways ”’ 

“ Khus root was an article of export to 
England and some parts of Europe several 
vears ago, but export has now practically 
ceased, and probably the entire European 
requirements are met by Java and Reunion ”. 

The West Indies are also a source of the 
roots, the oil of which is a valuable perfume, 
entering into the manufacture of soaps and 
cosmetics. (R. Saheb, A. K. Menon & C. T. 
Ittvaecchan, Rep. Council Sci. & Ind. Res., 
India, as reported in Perf. & Ess. Oil Rec. 
41: 219. 1950). 


Phormium tenax—New Zealand’s 


Native Hard Fiber 


This large iris-like plant yields a hard fiber which has 
been important in New Zealand’s past export trade. 
Today the total native annual production of about 5,000 
long tons is wholly utilized domestically and provides 
only 15 percent of New Zealand's fiber requirements for 


use 1n woolpacks, matting, twine and other articles. 


Im- 


ported fibers, such as sisal, jute and hemp, make up the 


difference. 


HOWARD J. 
Canterbury University Colle 
Except for several good timber trees, 
the indigenous flora of New Zealand is 
unique in its lack of useful plants. Phor- 
tenax—variously called * phor- 
mium flax”, “ native flax’, ‘* New Zea- 
land flax” and * New Zealand hemp ” 
is a notable exception. 
a hard fiber which may be classed with 
sisal or abaca in respect to its use, but 
it is the only commercial hard fiber 
plant which thrives in middle latitude 
climates. Because of relatively low pro- 
duction it can hardly be considered one 
of the world’s major fibers. Yet in the 
past it has been an important export of 
New Zealand, and the industry appears 
to be on the verge of regeneration. 


mii 


It is the source of 


The Plant 


Phormium is a genus of the family 


Agavaceae to which belongs also the 
Mexican sisal plant (Agave sisalina) 
(4). The plant is monocotyledonous 


and resembles the garden flag in general 
appearance but is much larger. Phor- 
mium was Classified by earlier botanists 
in the Liliaceae (2, 
of the genus are P. tenax and P. colensoi. 
The latter is generally known as “ moun- 
tain flax” in New Zealand and because 
of its weak fiber is of little commercial 


5). The two species 
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value at present. However, qualities of 
disease resistance and softness of fiber 
in useful for 
crossing with fenax. Phormium tenax is 


some varieties have been 


the species of commercial importance 
and is distinguishable from colensot in 
that most varieties have stiffer upright 
leaves and the seed pods are straight 
and upright, whereas the pods of colensot 
are twisted and droop on the seed stalk. 

Phormium tenax does not have a cen- 
tral upright stem or trunk but consists 
rather of leaves which grow in the man- 
ner of a fan directly from the upper ends 
the (Fig. 1). Each fan 
consists of about eight leaves with the 
youngest in the center. The individual 
leaf is folded longitudinally along the 
mid-rib with the upper surface on the 
inner side of the fold and is usually split 
near the end. Leaves vary from three 
to 14 feet in length, from one to five 
inches in width, in color from a 
yellowish green dark blue-green. 
The is a creeping rhizome which 
branches out to form a ring of plants 
around the original root stock. A flower 
stalk grows out of the center of the fan, 
producing waxy-red, paniculate 
flowers in the early summer months of 


of root stock 


and 


to a 


root 


deep 


November to January, depending on the 
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latitude and local conditions. Cross 
pollination is accomplished by bees and 
birds attracted to the nectar or by wind. 
The pollen in an individual flower ripens 
before the stigma of the same flower 1s 
ready to receive it, thus naturally pre- 


by division of the rhizomes, thus pre- 
serving the qualities of the parent plant. 

Phormium tenax is native to New 
Zealand and Norfolk Island and grows 
naturally in a wide range of soils and 
topography from sea level up to 4000 


Fic. 1. A Maori phormium cutter preparing strips of leaf for use in tying a bundle of leaves. 


venting self-pollination. A single stalk 
may produce 100 pods, each with 60-150 
seeds. Although the use of seed-grown 
plants is desirable for breeding of im- 
proved strains, propagation for fiber pro- 
duction is most satisfactorily carried on 


feet and under annual rainfalls of 20 to 
150 inches. It also occurs in the Auck- 
land Islands where it became natural- 
ized from plantings made by the pre- 
European Maoris. The largest natural 
areas were and still are in the North 
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Island of New Zealand in the Manawatu 
Valley. Phormium will not tolerate 
severe frosts soon after cutting, and 
stagnant water is unfavorable to its 
growth. Many so-called * flax swamps ”’ 
did not acquire a dense crowth of Phor- 
mium until they were drained. In its 
wild state the plant is found in asso- 
ciation with cabbage trees (Cordyline 
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the Maoris. The best leaves were chosen 
for preparation of fiber, and only the 
most easily stripped part of the leaf was 
used. The vegetative matter was scraped 
from the fiber with the sharp edge of a 
mussel shell. Subsequent washing, dry- 
ing and twisting produced a soft, pliable, 
strong fiber which could be used in fish 
lines, ropes and cordage, and woven and 


Fic. 2. Young Phormium plants in the Redan Valley near Wyndham in Southland The 


plants are space d at four-foot intervals in rows eight feet apart These are about two years old. 


australis), raupo (Typha angustifolia), 
“ niggerheads ” (species of Carex), black- 
berry (Rubus fruticosus), tall fescue 
(Festuca arundinacea) and convolvulus 


(Calystegia sepium). 


History of Phormium Fiber 
Production 


The Phormium plant was put to a 
variety of uses by the pre-luropean 
Polynesian immigrants to New Zea!and, 


dyed for articles of clothing. The un- 
processed leaves were also plaited into 
crude ropes, mats, baskets, ete. Aside 
from these common uses of the fiber or 
fibrous leaves, other portions of the 
plant were also utilized. The dead flower 
stalks, called “ korari”” by the Maoris, 
corrupted to * koradi ” by the whites, 
are light and pithy and were bound to 
form rafts. After the introduction of 
flint and steel by Europeans dried Phor- 
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mium stalk was commonly used as 
tinder. Pieces of koradi stick are com- 
monly seen today in New Zealand barber 
shops where they are trimmed with a 
flat side and used as razor strops. The 
fibrous roots were woven into fish traps, 


Fic. 3. Cutting Phormiuwm in Southland. 
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plant a few of the most desired varieties 
near their settlements. Some of these 
plantings have been sources of breeding 


stock for development of new varieties. 
Commercial production and export of 
phormium fiber began in the early 19th 


zo 
SS 


The bundles of green leaf weigh approximately 


70 Ibs. A curved hand sickle is used and two rows are worked at a time. 


and a decoction of boiled roots was 
taken as a purgative and as an anthel- 
mintic. The gum which appears at the 
base of the leaf and the nectar of the 
flower was collected and eaten (1). 

The Maoris did not actively cultivate 
Phormium but for convenience did trans- 


century. In 1828 a shipment of 60 long 
tons was sent to England via Sydney, 
Australia (6). Exports in 1831 totalled 
1,062 long tons, increasing to 5,471 tons 
in 1870, due principally to the introdue- 
tion of mechanical stripping, employing 
a percussion process which has not been 
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fundamentally changed to the present. 
Phormium fiber exported to the United 
States during the Civil War brought as 
high as £76 per long ton. In 1873 New 
Zealand had 300 stripping mills in oper- 
ation, employing 3,200 men. —Unfortu- 
nately careless cutting and marketing of 
poor quality fiber resulted in a bad repu- 
tation for the industry, and a system of 
grading had to be instituted in order to 
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Fic. 4. A 


stripping mill. This one is near Foxton in the 


larly for collecting wild phormium 


areas, particu 


compete with other hard fibers, notably 
Manila hemp (abaca). Phormium ex- 
‘ports reached an all time high in 1907 
when 28,547 long tons were = shipped. 
Following World War I, exports gradu- 
ally declined to only 26 long tons in 
1942, the last year of export. Since 1930 
there has been an increasing domestic 
use of the fiber. From 3,916 tons in the 
1932-33 season production rose to 7,006 


horse-drawn tram is used in some 
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tons in 1937-38, falling and rising since 
then and amounting to 5,400 tons in 
194849. 1943 all the domestic 
production has been used within New 
Zealand. 

Although the commercial production 
of phormium fiber is commonly associ- 
ated with its native habitat, New Zea- 
land, it is grown in several other regions 
Annual production on St. 


since 


of the world. 


bundles of le af to the 
used in 


areas to transport the 


North Island trucks are most 


Motor 


Helena approximates 3,000 long tons 
which is shipped to the United King- 
Just prior to World War II Japa- 
nese production of the fiber reached an 
10,000 to 12,000 
annually or over twice the concurrent 
production in New Zealand. There is 
a limited output of the fiber in Kenya, 
Tanganyika, Natal, South Africa, Mex- 
ico, Brazil, Chile and Argentina. Re- 


dom. 


estimated long tons 


PHORMIUM TENAX—NEW ZEALAND’S NATIVE HARD FIBER 177 


cently selected varieties have béen intro- 
duced into Australia for experimentation 
and possible commercial development. 
Isolated plants of Phormium tenax as 
well as P. colensoi may be found as orna- 
mentals in many parts of the world. 


Growing Phormium for Fiber 
As a fiber crop phormium has several 
advantages. It has a high percentage of 
fiber in the leaf—ten to 12 percent as 
contrasted with two to three percent for 
sisal. It has long leaves and long fibers. 
It can be easily propagated from roots, 


Fic. 5. After the leaves are stripped. the 
trucked to the drying field. 


and one planting produces for many 
vears. In fact the time limit of eco- 
nomie production from an established 
plantation is not known because attempts 
to domesticate the plant have been so 
recent. Another feature of the crop is 
that it can if desired be left unharvested 
for several years. 

In the early history of phormium pro- 
duction there was no question of plant- 
ing or cultivation. It was merely a case 
of cutting the leaves from wild plants 
wherever they were reasonably accessi- 
ble. As might be expected this proce- 


dure limits the volume of production. 
The natural areas have gradually de- 
clined in size and become less economic 
to work. However, wild phormium still 
contributes heavily to the industry in 


“New Zealand. Attempts to improve on 


the natural supply have been directed 
along two lines. The first is the drain- 
age of lowland swamps to provide a 
more suitable environment for the plants 
to spread in what is called an induced 


-phormium swamp. The second is the 


establishment of plantations through the 
transplanting either of divided root 
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fiber is placed on poles to drain before being 


stocks or of seedlings. The latter method 
has been adopted only recently, but in- 
duced phormium swamps were being 
created in the last century by means of 
simple drainage systems. 

At the present there are only three 
phormium plantations in New Zealand. 
One in Southland of about 1,000 acres 
is situated largely on hilly land. The 
others, on the North Island, are an area 
at Kaingaroa and the government-owned 
Moutoa estate of about 5,000 acres of 
combined planted and induced swamp on 
the flood plain of the Manawatu River 
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near Foxton. Associated with the latter 
is a team of botanists of the New Zea- 
land Department of Scientific and In- 
dustrial Research who are carrying out 
breeding and growing experiments to 
develop strains with disease resistance 
and greater fiber strength and dura- 
bility. On the same estate the Depart- 


Fic. 6 
of Phormium on the 


hillsides in the foreground. 


flourishes on slopes as well 

ment of Agriculture is testing cultivation 
and harvesting methods with a view to 
more economic production. 

In the establishment of these planta- 
tions propagation of the plant by root 
division has been widely employed, 
since, as previously mentioned, the quali- 
ties of individual varieties are thereby 
maintained. In general, five to six years 
are required before a satisfactory crop 
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Fields of drying phormium fiber in_ the 
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leaf can be harvested from a field 
planted by this method, whereas seven 


of 


to eight years are needed to produce a 
After the 
first harvest in either case subsequent 
taken four SIX 
years, depending on local soil and cli- 


comparable crop from seeds. 


crops can be every to 


matie conditions. 


Redan Valley, Southland 


Although common in 


Note 


areas thi 


the rows 


swampy plant 


Planting is done preferably in_ the 
spring months of August to November 


on land which has been plowed and 
freed of weeds. Rows are usually eight 
feet apart with the plants spaced at 


intervals (Fig. 2). Periodic 
cultivation between the rows during the 
first 18 to 20 months keeps down weeds 


four-foot 


and gives the plants a vigorous start. 
A single plant produces about 30 leaves 


PHORMIUM TENAX NEW 
in five years, but each season three or 
four of the older leaves die off so that 
at the end of the five years only eight to 
ten leaves are available for harvesting. 
The possibility of cutting the mature 
leaves every year allowing 
them to die strongly itself, 
However, this practice is found to tax 
the vigor of the plant too heavily and in 


instead of 


suggests 


addition makes labor costs excessive. 

In actual practice the harvesting pro- 
cedure for planted, induced and natural 
phormium is the same, most of the work 


being done on a contract basis. The 
leaves are cut off six to eight inches 
above the ground with a curved hand 


and tied into bundles weighing 
approximately 70 pounds (Fig. 3). Tram 
lines or roads are laid out at convenient 
intervals in the field for transporting the 
bundles to the stripping mill (Fig. 4). 
In southern New Zealand harvest is 
commonly restricted to the spring and 
summer months, but in the North Island 


sickle 


round except for 
early autumn when young leaves might 


it goes on the year 
grow up to be at the merey of winter 
frosts. On the average 30 tons of green 
leaf per acre is considered a good yield, 
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ic. 7. Loading hanks of phormium fiber in 
the drying field. Thi 
hand. 


hanks are formed by 


though yields above 40 tons are known. 
Approximately eight tons of green leaf 
are required for fiber. <A 
vield of one ton of fiber per acre per 


one ton of 
year is the goal of plantation producers. 


Stripping 
After cutting, the bundles of 
leaf are hauled to the stripping mill for 
the first 


creen 


step in processing the fiber. 


These 


Fic. 8. 
little or no cutting. The 
spre id out to create a water-re pe llent cap. 


7 top-knots ” are 


stacks of dried and bleached fiber represent 
made 


a reserve supply for periods of 
of several hanks of fiber tied together and 
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The stripper consists of feeder rollers 
which draw the leaves between a fixed 
“beater bar” and a “ stripping drum ’ 
This drum is a cast iron cylinder 18 
inches in diameter, six inches wide, and 
travels at 2000 r.p.m., thus literally 
beating the vegetative matter off the 
fiber. Unfortunately this decortication 
considerably weakens the fiber and beats 
a part of the fiber out of the leaf as well. 
The resulting refuse, known as “ stripper 
slips ’’, is reclaimed for its fiber. Each 
stripper requires an operator to feed in 


Fic. 9. A truck 


material. 


load of tow This short 


two or three leaves at a time. An expert 
feeder can strip a ton of leaf an hour. 
His skill lies in presenting a uniform 
thickness of machine. 
Stripping mills were operating in 18 
locations in New Zealand in the 1949-50 
season, as shown on the map (Fig. 10). 


leaves to the 


Washing and Bleaching 
Following the stripping process the 
fiber is passed between washing drums 
with water flowing over them to wash 


away the loose vegetable matter. Dur- 


ECONOMIC 


and irregular fiber is useful in cordage 
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ing the washing the fiber is gripped on 
an endless chain and is automatically 
At this 
stage the fiber is formed into hanks by 
hand and thrown over a pole to drain 
(Fig. 5). Each hank represents the fiber 
from 12 to 20 leaves. When the hanks 
are fairly dry they are hauled to the 
bleaching fields for exposure to the sun 
and weather for The 


released on leaving the washer. 


about a week. 


fiber is spread out in long rows on the 
ground or if the 
on wire 


weather is rainy is hung 
(Fig. 6). During this 
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period a partial retting oecurs, in which 
material are 
After the de- 
sired stage of bleaching is reached, the 
fiber is reformed into hanks by hand and 
either stacked in stock piles or hauled 
directly to the scutching mill (Figs. 7 
and 8). 


fragments of vegetative 


loosened from the fiber. 


Scutching 
The purpose of scutching is to remove 
the dry material which has been loos- 
ened in the bleaching field. The auto- 
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Fic. 10. Map of phormium-processing mills operating in the 
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1949-50 season. 
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matic turbo-scutecher is in general use 
now, although hand feeding was common 
in the the industry. 
Hanks of fiber are placed over an end- 
which fiber 
takes it through a cylindrical scutching 
Here 
residue, short 
After their first trip through, the hanks 


early years of 


less chain grips the and 


drum. revolving beaters remove 


fibers and rough strands. 


Fic. 11. 


the weave. It will be cut by machine 


sewing machines. 

are automatically released and gripped 
in a different place. During the second 
trip other parts of each hank are ex- 


posed to the secutching beaters. The 
short and rough fibers are reclaimed as 
tow. It is interesting to note that the 


basic principle of the turbo-scutcher de- 
veloped originally for phormium fiber 
processing is now employed in the linen 
flax industry. 


and sewn into open wool packs bv 
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After seuteching, the fibers are 
formed into hanks and, if 
ported any great 
into 400-lb. bales. 


again 
to be trans- 


distance, are pressed 


Manufacture of Phormium Fiber 
Products 


The most common uses of phormium 
are in the making of woolpacks, matting, 
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Woolpack cloth 27 inches wide is here being pressed between heavy rollers to flatten 


girls electric 


using 


In the latter 
phormium and sisal are often combined. 
It is also used in smaller quantities as a 
binder in plaster, in paper manufacture, 
and upholstery stuffing, and 
occasionally in rope, either alone or in 
combination with Manila hemp. Ordi- 
narily the by-product tow is used in 
woolpacks and in products where strength 


binder twine and lashing. 


mattress 


is of secondary importance. 
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In the manufacture of the fiber into 
twine or for weaving, the 
to the desired thickness 
by combs and rollers in a standard hard 
fiber * 


yarns hanks 


are drawn out 


goods machine”. In this process 


a “batehing oil” is added to the fiber 
to improve its working qualities. The 
strands may then be spun into a variety 
of weights of twines or yarns. At the 


factory of the New Zealand Woolpack 
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Fia. 12. 
Textiles Factory at Foxton. 


Phormium matting being woven 


and Textile Co. at Foxton these spun 
goods are woven into woolpack cloth and 
floor mattings. Woolpack cloth receives 
special treatment after weaving to pre- 
vent short slivers of fiber from contami- 
nating the wool. First the cloth is run 
through a machine in which the fuzz of 
the cloth is shaved off by a set of revolv- 
ing blades similar in design to a lawn 


mower.’ It is next drawn between two 
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huge cast rollers which considerably flat- 
ten the threads, causing them to spread 
and fill the spaces in- the weave 

11). The then into 
squares and sown into open woolpacks. 


Phormium 


out 


(Fig cloth is cut 


varn tor weaving into floor 
matting is dyed by the simple process of 
drawing the threads through a hot dye 
bath. 

About 50 percent of the postwar pro- 


on 


a loom In the New Ze aland W oolpack and 


(Photo courtesy New Zealand National Publicity Studios.) 


duction of phormium fiber has _ been 
manufactured into woolpacks (3). About 
one-fourth is used in cordage and the 
remainder in matting, plaster, stuffing 
and miscellaneous The Domin- 
ion’s requirements of woolpacks is about 
1,000,000 annually, of which only a third 
is supplied by New Zealand Woolpack 
and Textiles Co., the only manufacturer 
of phormium woolpacks. There 


uses. 


are 
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twine manufacturers at Dunedin, Wai- 
kuku near Christchurch, and at Auck- 
land. The Donaghy’s Rope and Twine 
Co. at Auckland estimates its phormium 
fiber needs at 1000 long tons annually. 
At present it actually gets 300 long tons. 
Thus it can that 
demand for increased phormium  pro- 
duction. 


be seen there is a 


Problems of the Industry 

One of the chief drawbacks to estab- 
lishment of phormium plantations has 
been the long harvesting cycle. Few 
individual farmers feel that they can 
risk the capital investment required to 
put in a crop from which there is no 
return for at least five years. The New 
Zealand Government has guaranteed the 
purchase of all phormium produced be- 
tween 1948 and 1958, thus assuring a 
market for two crops from plantation 
enterprise. 

In the creation of induced swamps by 
drainage it often happens that land 
drained for phormium becomes suitable 
for pasture or annual crops and is di- 
verted from phormium production. Pas- 
turing cattle on natural areas of phor- 
mium frequently has resulted in injury 
to the plants through trampling and eat- 
ing of the young leaf tips. 

A perplexing problem confronting the 
phormium industry is presented by yel- 
low-leaf disease, a malady characterized 
by yellowing leaves and eventual death 
of the plant. Research to determine a 
method of control of yellow-leaf disease 
as well as of moths whose larvae eat the 
leaves is an important factor in the de- 
velopment of the industry. In addition, 
the desirability of breeding and selection 
to produce disease-resistant varieties in 
combination with the highest quality and 
quantity of fiber is obvious. Because of 
the long harvest cycle coupled with in- 
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stability of the industry in past decades 
there has been a regrettable lack of con- 
tinuity in all phases of research and 
experimentation related phormium. 
The establishment of the Moutoa plan- 
tation near Foxton may well mark the 
beginning of a stabilized native hard 
fiber industry. Undoubtedly experience 
gained in the growing of phormium in 
other countries will value in 
strengthening the industry in its native 
land. 


to 


be of 


The processing of phormium fiber is 
not yet perfected. In particular a strip- 
ping machine which can clean the fiber 
without weakening it is needed. There 
is little doubt that if sufficient supplies 
of leaf were available a mechanical 
cutter could be developed to reduce the 
harvesting cost. 

At present New Zealand is only about 
15 percent self-sufficient in her hard fiber 
(3). Whether production can be 
increased to supply domestic need with 
perhaps a return to a significant export 
trade depends on a long-term stabiliza- 
tion of the industry through solution of 
these fundamental problems. 


needs 
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Three Native Tuber Foods of the High Andes' 


Potatoes, anues, ocas and ullucus fed the pre-Columbian 
Incas and still feed their modern descendants, but only 
the potato has traveled to other parts of the world. 
Who knows what rivalry the potato might have had if 
the other three had received the same attention in 
efforts toward improvement? 
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In the Andean highlands of Peru the 
Indians have a proverb that says, “ Stew 
without chunu is like life without love ”’ 
In this way they express their esteem for 
several edible tubers which, though quite 
similar to the potato, have never spread 
into the world market. To sample the 
various kinds is one of the pleasures of 
traveling in those remote mountains. 
And when one realizes how important 
these tubers must have been in the 
growth of the ancient Inca empire, one 
becomes doubly interested in them. 

There must be something about the 
Andean environment that has favored 
the evolution of tuber-producing plants, 
for no less than four important species 
in four very distinet genera have been 
grown there by the Indians since before 
Columbus came to America. One of this 
quartet, the familiar potato, has since 
wandered to many parts of the globe, to 
become one of the most valued of all 
food plants, especially in temperate 
regions. In faet, the annual world pro- 
duction of potatoes much exceeds all the 
golden wealth taken out of Peru by the 
Spaniards. On the other hand, the po- 
tato’s companions of the old Inca ter- 
raced gardens—those plants known in 
the Ineaic Quechua tongue as “ oca’ 
(Oxalis tuberosa), “ullueu” (Ullucus 


tuberosus) and “ anu” (Tropaeolum tu- 
berosum)—have remained in their high- 


1 Reprinted from Natural History, Dee. 1949 


land homeland, unknown to the world in 
general though still important to the 
Indian populations. 


Oca 


Oca is most popular of the three to- 
day, with ullueu a close runnerup. In 
several widely separate districts of the 
Andes, in southern Colombia and south- 
ern Peru, the oca even rivals the potato 
in importance. The mist-shrouded vil- 
lage of Cuyo-Cuyo, which les at the 
head of the Sandia ravine just east of 
the northern end of Lake Titicaca, is a 
most intensive center of oca culture. 
Here, beginning at 11,500 feet in the 
bottom of a narrow, steep-walled que- 
brada, ancient terraced gardens known 
as “andeneria”’’, rise tier above tier 
(some 150 of them!) on the precipitous 
mountainsides. One would have to hunt 
to find a more impressive display of old 
Inca terracing. Obviously, the valley 
has long been an important agricultural 
site. Many of the terraces are still in 
use, though some have been abandoned 
to pasture. Today, as undoubtedly five 
centuries ago, ocas and potatoes, and to 
a lesser degree ullucu and anu, are the 
principal crops grown. 

Oca tubers are curious in shape, being 
slightly flattened cylinders, somewhat 
thicker than the thumb and averaging 
three to four inches in length. As in the 
potato, tiny scale leaves border upon the 
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Jclonging to the Owail- 
the plant is a cousin of our 
smaller weedy sorrels and, like them, 


deep-set eyes. 


daceae, 


possesses reddish stems, clover-like leaves 
and similar flowers whose orange-yellow 
petals are generally marked with fine 
purplish lines. The oca plant does not 
appear to set seed, a characteristic not 
uncommon in species long propagated 
vegetatively by man. And so, like the 
potato, oca is reproduced by means of 
which are cut into 
bearing sections at the time of planting. 

The Quechua Indians of Cuyo-Cuyo 
plant their oca at the beginning of the 
rainy period which falls in August or 
September, but elsewhere in the Andes 
planting may be delayed several months, 
depending upon when the rains arrive. 
The oca crop is treated exactly like po- 


its tubers, ‘eve "- 


tatoes, the plants being lilled up, with 
deep intervening trenches running down 
the slope. All the cultivation is by 
means of crude grub hoes or the primi- 
tive foot plow. Inca agriculturists prac- 
ticed rotation of fallowing, 
and so do. their descendants. 
Thus the oca plant is generally inter- 
planted or rotated in following years 
with the other tuber plants, with cereals, 
or with the European broad bean. Be- 
tween growing seasons, llamas and sheep 


crops and 
modern 


are pastured on the terraces, thus aiding 
in fertilizing the soil. In Eeuador or 
Colombia, where the lower general ele- 
vation of the Andes permits, one often 
sees rows of corn planted alternately 
with oca. 

Approximately eight months after 
planting, the tubers are mature, and 


Fic. 1 (Upper). In the 
terrace gardens devoted to tuber culture ris 
many such areas of Peru today. 

Fic. 2 (Lower) 
this picture was mad 
downhill rows, a 
nally across the terraces into town, 


“ Hanging gardens ” 


Though the 
on them have not been made for vears 
Was much greater than today and the greatly 
the handiwork of their ancestors 


heart of “ Tuber 


of tuber culture 
. most such terraces stand fallow, but some crops ar 
s mav be seen here and there in 
terraces are still in use, for (he 
Very likely the population of this valley in Inca times 
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during Indian 


families, 


April and May whole 
including even the children 
and grandparents—all decked out in 
their colorful hand-woven ponchos and 
shawls—may be seen on the terraces 
harvesting the equally colorful crop. 
The starchy oca tubers that they har- 
vest are typical of the genus Ovalis in 
containing puckery crystals of caleium 
oxalate. 
dant 


Crystals are especially abun- 
in the bitter variety, and their 
presence makes it necessary to cure or 
ripen the tubers before they can be eaten. 
This is achieved by placing them in the 
sun for several days, after which the oca 
is sweet and can be eaten either raw or, 
more commonly, boiled in the stews and 
thick soups that constitute a basic por- 
After the har- 
vest season, all Indian doorsteps in oca 


tion of the serrano’s diet. 


country each day sport a few mellowing 
and colorful ocas destined for immediate 
consumption. The tubers have a very 
flavor when so prepared and 
may remind one of boiled sweet potatoes, 
though others have likened their flavor 
to a cross between that of green corn 
and pumpkin. QOcas are also delicious 
roasted or prepared like candied sweet 
potatoes. 


pleasant 


The sweet varieties are some- 
times split lengthwise and placed in the 
sun to dry to form a product called 
‘eavi’’, which is cooked slowly in a 
crude double boiler and afterwards eaten 
with honey or homemade cane syrup as 
a dessert. 

Since tuber harvests come but once a 
vear, the Indians of the high Andes have 
had to devise some way of holding their 
semiperishable crop through the year. 


Land”, a lane in Cuvo-Cuyo, Peru. Old Inca 


for hundreds of feet above the valley bottoms in 


at Cuyvo-Cuyo, Peru. In May, when 
grown in characteristic 
the picture. A mule and foot trail cuts diago- 


most part, repairs 


reduced present population is unable to maintain 
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Fic. 3. Another view in the valley near Cuyo-Cuyo, Peru. On the steeper slopes are long- 
abandoned tuber terraces, and in the valley bottom are modern plantings of introduced Australian 
eucalyptus that serve as a source of timber and firewood today. The stream washes many a batch 
of chunu-to-be 
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n Fic. 4. Open-air vegetable markets in Peru regularly display tubers along with other vege- 
h tables, in this case peas at the left and ocas in the foreground. 
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at 


Fic. 5. A penny’s worth (a centavo) of anu, surrounded by other tubers of the same kind, 
is here offered in a market of Quito, Keuador The owner of these tubers urged the photog ipher 
to buy them with the advice that they were especially good for bad liver or kidneys. In appear- 
ince these tubers mimic those of oca, but anu tubers taper more gradually at the stalk end 
somewhat resembling tubers of the Jerusalem artichoke (Helianthus tuberosus) 
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Fic. 6 (Upper). 
the lower left are ocas converted by dehydration 


Fic. 7 (Lower). A voung plant of ullueu in 
Lacking controlled refrigeration, they 
adopted dehydration centuries ago. In 


desiccated form the tubers will keep in- 
definitely. The Quechua word “ chunu ”, 
although perhaps originally apphed to 
dehydrated potatoes, is now used for any 
desiccated vegetable. 

Among the varieties of oca, as among 


Ullucu, in its potato-like spherical form, and oca. 


The shrivelled three at 
into chunu. 


a garden near Quito, Ecuador, 


the varieties of potatoes, the bitter type 
makes the best chunu, and for this reason 
this variety is most popular and widely 
used. Bitter ocas earmarked for desic- 
cation are, curiously enough, put in water 
immediately after harvesting and left to 
often four weeks or 
until the eyes take on a purplish color. 


soak for three to 
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At Cuyo-Cuyo temporary pens of rocks 
are built along the sides of the swift 
glacier-fed stream that courses through 
the village, and during May and June 
quantities of tubers may be seen sub- 
merged in these watery bins. 

After soaking, the tubers are spread 
out on straw in the open in any available 
area for about a week, usually at higher 


Fic. 8 
which has been entirely peeled in the specimen 


colder sites. During this period they 
receive periodic freezing at night and 
drying by the intense sun during the 
day. At the end of this treatment they 
are trampled upon to remove all vestiges 
of water. The wizened thoroughly de- 
hydrated oca product obtained by this 
procedure possesses a flesh that is gray- 
ish-white in color. Bitter potatoes, when 
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Lingh or chuhu of ullucu, showing the 
at the | ft, partly so in the one to the right 


BOTANY 


given the same treatment, are peeled and 
yield a chalky ‘“ white” chunu, while a 
“black” chunu can obtained by 
skipping the preliminary water bath. 
Chunu can be stored for long periods. 
Like most dried foods, it has to be soaked 
overnight before it can be cooked. In 
the chupes, or stews, that form the sim- 
ple fare of the two-meal-a-day serrano, 


be 


, Ati 4 ey 


‘ 
ee artes 


ie 


chalky white cd hvdrated flesh of the tuber 


it forms a cherished addition, valued for 
its distinctive flavor. 

The highland Indians of the Titieaea 
area recognize at least ten varieties of 
oca. One of them, called “ ¢jaya-oca ”’, is 
a popular bitter form with white tubers. 
It is used almost solely to prepare the 
chunu) known ‘cjaya”’. Several 
forms of sweet ocas are also grown, all 


as 


fHREE NATIVE TUBER 
with tongue-twisting aboriginal names: 
* sapallu-oca ”, with attractive yellow or 
orange tubers bearing red-margined scale 
leaves; with grayish 
tubers; and * lluehcho- 
and ‘ mestiza- 


‘chachapea-oca ”’ 
* paucecar-oca ” 


oca’”’, with red tubers: 


oca’’, with white ones. Apparently the 
chief color variations are associated 
with floral differences, for it has been 


noted that yellow ocas have long-styled 
flowers, while white ocas have medium- 
styled flowers and red ocas short-styled 
flowers. 


Ullucu 


Following ocas in importance are the 
tubers of Ullucus plant 
belonging to the modest group of the 
In southern Colombia and 
around Cuzco, Peru, it is outranked as 
a crop only by the ever-popular potato 
and maize. This tuber plant has a 
variety of names in the Andes, but the 
most common of these are the aboriginal 
appellations “ullueu”’, from which the 
Latin name was taken, and 
the apparently Spanish modification, 
* melloco ” 

Tubers of ullueu often look like small 


potatoes, 


tuberosus, a 


Basellaceae. 


generic 


and the casual observer might 
easily pass them up as just another one 
of the many varieties of potatoes com- 
mon throughout Andean South America. 
As with the oeca, several color variations 
exist, 


the commonest a pale 


magenta form which has apparently sug- 


one being 


gested the Spanish name ap- 
plied in Bogota’. Plain yellow tubers are 
also seen, as well 


‘rojas ”’ 


as a curious yellow 
form speckled with magenta spots. These 
color variants may be either shaped more 
or less like a potato or long and curi- 
ously curved. The Quechua Indians of 
the Urubamba region near Cuzco prefer 
the curved form and eall it “ ehehue- 
chanlisas”’. In its upright branching 
form, ulluecu resembles its garden associ- 
ates, the potato and the oca. Its branches 
are similarly sueeculent and bear broad, 


heart-shaped, simple leaves, while the 
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A young plant of anu, growing at 
Bogota, Colombia, and displaying its typical 


which closely resemble those of the 
closely related nasturtium of North Temperate 


garde ns. 


le aves 


insignificant flowers are found on axil- 
lary racemes. 

Ullucus are popular with the highland 
In the first 
place, the plant is very resistant to frost, 
an important consideration in the alti- 
plano. In fact, it excels all other An- 
dean tuber plants in this respect. Thus 
it can be grown in a wider range of sites 
and especially at the highest elevations 
for crops. Secondly, any species that 
gives a high yield in tubers produced per 


Indians for several reasons. 


plant seems always to be popular. In 
this characteristic the ullueu appears to 
be better than the potato and oca. It 
does not seem to matter that the tubers, 
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10 & 11. 


Fics 
of North Temperate gardens 


though numerous, are small. The sierra 
Indians, unlike North 
Europeans, are not apparently impressed 


Numbers The 


ullueu has the same range of culinary 


by size alone count! 


uses as does the potato and may be pre- 

pared as a chunu as well. 
Anu 

It is curious that the 

potato and ullucu are so similar, because 


tubers of the 


Americans or 
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Plant ind flowers of oca which close lv res mbles its counterpart, the oxalls, 


the plants belong to entirely unrelated 
species. Even mimics are the 
tubers of the oca and anu, also unrelated. 


In fact, so nearly alike can forms of 


closer 


these tubers be that on one occasion | 
had to plant a questionable one in order 
to be sure of its identity! Tubers of atu 
seem to be slightly more conical than oca 
tubers, but similar in their 
white to vellowish coloring, which is 
often mottled or striped with red or pur- 


the two are 
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In the 
said to give 
off a somewhat disagreeable odor, mak- 


ple, especially around the eyes. 
fresh state these tubers are 


ing it impossible to eat them raw, as is 
done with certain varieties of oca. 
Although the anu’s tubers are some- 
times difficult to identify, the flowers and 
leaves are not, immedi- 
ately recognize this plant as first cousin 
to the familiar garden nasturtium (T'ro- 
paeolum majus) which also claims the 
Andes as its native home. In fact, these 
two species are often found growing to- 


for one would 


gether in Andean gardens, one as a crop, 
the other as a weed. And Tropaeolum 
like garden favorite, 
tends to be a herbaceous twiner, ¢lam- 
bering and anchoring itself on other 
plants by its tactile petioles. In this 
way it coverMhe area of its growth with 
its smallish five-lobed green umbrellas. 


tuberosum, your 


The flowers are orange-red to scarlet and 
are smaller and less showy than the 
horticultural forms. 

The anu has never been so important 
a crop as the other species, but its tubers 
ean be found in most Andean vegetable 
markets, for they can be prepared in the 
usual form to add occasional 
variety to the food. The highland folk 
may be interested, 
certain medicinal lore surrounding this 
plant, for an Indian woman in Quito 
assured me that the cooked tubers are 
especially good for bad liver or kidneys! 
The chroniclers 
usual, if 


boiled 


more however, in 


record 
mystical, 


even more un- 
prevailing in 
their time. Both Inea Gareilaso de la 
Vega and Padre Cobo state that the 
Indians believed that the tubers exerted 
anti-aphrodisiacal properties when used 
as a food. 
that Indian gallants could counteract 
this influence by “* holding a small stick 
in the hand while eating 
This small stick 
must not have been generally known to 


uses 


However, Garcilaso affirms 


the tubers ” 


magic property of a 


the Inea’s soldiery because, according to 


FOODS OF 


THE HIGH ANDES 


Fic. 12. 
curved types of ullucu. 


Spherical potato-like and elongate 


Cobo, they were regularly fed this food 
during campaigns, on the Inca’s orders 
“that they might forget their women- 
folk”. 


The Trio 


This tuber trio produces its best crops 
in what may be called the potato zone, 
that is, in the Andean highlands lying 
roughly between 9000 and 14,000 feet. 
Such elevations are often subjected to 
nightly frosts. Even the day tempera- 
tures are cool, and during the rainy 
growing season the plants experience a 
superabundance of misty and cloudy 
weather. However, the trio lacks the 
extensive latitudinal range of the potato 
which in South America runs far south 
into Chile. Thus oca and ullucu are not 
found for any great distance south of the 
Bolivian highlands. 
close to the 


Growing as they do 
with its almost 
equal days and nights, these species, like 
certain other equatorial plants, may not 


equator, 
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Fic. 13. All the family gathers tubers in the high Andes of Peru. Here an old Quechua 
grandmother in characteristic woven wool shawl and hat helps dig afu tubers on a terrace garden 


at Cuyo-Cuyo. Elsewhere in the Andes this species is known also as “ mashua ” 
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oe 


\ 
. Fic. 14. With his primitively improvised though metal-headed tool, this native Peruvian 
. Indian digs ocas at Cuyo-Cuvo which have been interplanted with ullucu, some of the smaller 


spherical tubers of which are also visible. 
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readily be adaptable to the long days of 
summer in the temperate zone. 

Our forgotten tubers appear to have 
had their original home in the old Inea 
heartland around the high basin of Lake 
Titicaca. More varieties are recognized 
there, and a greater number of native 
names are applied. Moreover, the fringes 
of this very region have supplied us with 
their use in_ pre-Columbian 

Andean tubers, lke many 
other economic plants, served as pictorial 
motifs, chiefly on pottery, among the 
peoples of the old highland civilization. 
Since these cultures left no written rec- 
ords, such pictograms have indeed been 
our best evidence of the importance of 
From the 
Pacheco, Tia- 


proof of 


times, for 


these tubers in early days. 
Upper Nasca Valley at 
huanaco-age pottery (pre-Inca) has 
found with beautifully stylized 
colored paintings representing the anu 


been 


and oca. Of the ullueu we are not so 
sure because of its general similarity (in 
tubers and foliage) with the potato. In- 
asmuch as this trio was grown only in 
the moist highlands where stored tubers 
would soon disintegrate, no remains have 
been found in ancient highland sites, nor 
would one expect to find them preserved 
abundantly in the ancient tombs of dry 
coastal Peru. 

from 
them 


Yet recent studies of plant 
burial 
relies—apparently 
transported there in the form of chunu. 


remains coastal mounds 


show as rare 
They are recognizable only through care- 
ful microscopic study of the character- 
istic form of their starch grains which 
differs in each of these species. 

From the highland valleys of southern 
Peru, where we can guess their wild an- 
cestors grew, the oca, anu, and perhaps 
ullueu were taken gradually northward. 
When, it is difficult to say. We do know 
that at or very soon after, 
the Spanish Conquest, these three plants 
the fertile high- 
lands of Quito, which at that time was 


the time of, 
were in cultivation in 


the northern bastion of the Inca Empire 
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We are not certain, however, whether 
the ancient Chibehas of the northern 
Andes knew our trio. Possibly the 


plants moved into the highlands of Co- 
lombia and adjacent Venezuela after the 
Conquest. 

Such indirect evidence as we have for 
this again comes from the chronology of 
the Oxalis, Ullueus and 
Tropaeolum appear in the literature in 


chroniclers. 


that order, which is more or less the order 
of their importance as crops. Potatoes 
had been mentioned first by Oviedo in 
1535; four years later Bishop Valverde 
of Cuzco, in a letter to his Emperor, first 
describes the oca; while the ullueu and 
anu do not appear in the chronicles until 
1582, when they were recorded from the 

Indirect 
extension 


region of Cuenca in Ecuador. 
evidence of the northernmost 
of the tubers is presented unknowingly 
in the writings of Cieza de Leon who, 
telling in 1553 of a trip south through 
the Andes, fails to mention specifically 
any of our trio of tubers until after his 
arrival in Peru. However, near Ipiales 
the Colombian-Eeuadorian 

records that 


(now on 


frontier) he “the people 


grow an abundance of potatoes and 
‘otras raizes’ (other roots) ” These 
‘other roots’ perhaps represent ullucus 
and ocas which are grown very exten- 


sively in this area at the present time. 
More specifie insight into the distribu- 
tion comes from Colombia’s famed pa- 
Caldas. 
of Popaysin in southern Colombia, Caldas 


triot-botanist, seing a native 
Was presumably more than familiar with 
the that country 
especially with those occurring in the 
vicinity of his birthplace. Yet not until 
the early nineteenth century, when he 


crop plants of and 


made a trip overland to not-so-distant 
(uito, did he beeome acquainted with 
the oea, ullueu and ahu. He recognized 
ullueu as a species new to science and 
deseribed it. In commenting upon it and 
its value to the local Indians he lamented 


that it. as well as the anu and oea, whieh 
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@ 


4 Wer 


hic. 15. Trudging to the village spring for water, an Indian voungster of Cuyo-Cuyo passes 


pens of ullucu and other tubers soaking in the stream for three or four weeks before being dried 
into chunu 


om 
——_ 
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were also popular in Ecuador, had not 
been introduced into his homeland of 
New Granada (Colombia). Thus if we 
are to believe Caldas, the tuber plants 
had progressed only as far as northern 
Keuador by the end of the eighteenth 
century. 

They have not and could not travel 
much farther. They have reached Vene- 
zuela and the end of the high Andes with 
their cool climate. But without the aid 
of man, they could not move northward 
into the highlands of Central America. 
That they were not grown by the ancient 
civilizations of Middle America may be 
explained, no doubt, by the same reason 
that kept the potato so long at home 
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South African Drugs. In two articles 
dealing with some drug plants used by native 
tribes, or Bantu, of southern Africa, the 
author has the following to say in connec- 
tion with Indian hemp (Cannabis sativa) 
which is known there as “ dagga ” and which 
for centuries has been the source of hashish 
in the Orient and of marihuana in the New 
World: 

“In South Africa the problem of dagga 
and its tlegal use has assumed such serious 
proportions that the government has ap- 
pointed a Dagga Commission to inquire into 
the whole question. Subterfuges used by 
growers of the herb are many—planting be- 
tween rows of cereal products such as mealies 
and sowing in back yards and on isolated 
patches of veld are but a few methods—and 
the number of ruses to avoid detection by 
the police in vending and trafficking brings 
to mind episodes in the career of Russel 
Pasha ”! 


Fic. 16 (Upper). 
the Upper Nasca Valley. 
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in South America: tubers deteriorate 
rapidly in the tropical lowlands, and 
until the event of rapid transport, they 
could hardly make the long jump to the 
Middle-American highlands. 

This has been unfortunate, for although 
these plants may not merit comparison 
with the potato except in their superior 
keeping qualities, they do possess quali- 
ties that 
addition in the diet of any tuber-eating 
folk. And who ean tell how the world 
might have come to regard these little- 


would make them a welcome 


known plants had they received the wide 
distribution and careful selective breed- 
ing that was accorded the potato! 


Abstract 


“The illegal production and use of dagga 
in South Africa are, however, most serious 
problems and bear, in many cases, a close 
relationship to the drinking dens, or shebeens, 
which often serve as distribution points for 
the drug to addicts. The misery that dagga 
causes cannot there is no 
that its use precedes much of the 
violent crime that the police of Johannes- 
burg and other large centers are battling to 
suppress ”” 

“ Red dagga, or Wilde dagga, is a different 
plant altogether and is a member of the 
family Labiateae. This is Leonotis Leonurus 
R. Br. (Zulu, u-Munyane ; Suto, lebake), and 
it has recorded that the Hottentots 
smoke it instead of tobacco. A decoction of 
the leaf has also been used as a strong purga- 
tive and emmenagogue. It is feebly narcotic 
but probably harmless when smoked ”. (E. A. 
Lum, Pharm. Jour., Aug. 18, 1949; Set. 
Mon. 72: 183. 19651). 


be assessed, but 
doubt 


been 


Pre-Columbian Indian painting on Tiahuanacan pottery from Pacheco in 
It is interpreted to depict 


a tuber-bearing flowering vine, and the 


umbrella-like leaves as identifying it with aiu, which therefore was known to the Inca civilization. 


Fic. 17 (Lower). 


Other Pre-Columbian Indian pottery of the same age and location, which, 


because of the trifoliate leaves depicted, is accepted as evidence that the Incas were familiar also 


with oca. 


Utilization 


Root Beer. 


prepared in the closing years of the eight- 


Root beer was probably first 


eenth century, and it is mentioned in Haw- 
thorne’s “ The House ot Gables ’ 
published in 1851. Before 1877, however, * it 
Was customary for the customer to purchase 


herbs, and bark 


seven 


i ground mixture of roots, 


ind steep the mixture in boiling water to 
prepare an extract. Sugar and yeast were 
vided to the extract and the mixture was 


lowed to ferment with the subsequent pro- 
dioxide to 
About ISSO, 
prepared the extract himself 
for use by bottlers and in places 


duction of aleohol and = earbon 


make an aleoholic beverage. 


One processo! 
ind sold it 
where soda Wis dispensed x“ 

About 1905, a prepared sirup containing 
the root, herb, and bark extract with addi- 
which only 
carbonated water had to be added to make a 


tional flavoring ingredients to 
complete beverage was furnished by another 
processo! This preparation, however, con- 
tained no aleohol and thus this type of root 
a soft drink ”. 


components ol 


heer was in reality 
The 


today 


botanical root beer 


ire extracted essential oils in) some 


cases, pulverized plant material in others. 
] 
I 


Creners 


bit 


lv the most Important 1s sarsaparilla, 


important also are licorice, wintergreen, 
ginger, coriander, dandelion 


all- 


are used 


sassatras, hops, 
root, wild cherry bark, althea, angelica, 
spice ind vellow dock, all of which “ 
in lesser quantities as modifiers and blenders. 
The pungent, acrid, 
flavors of these 


bitter, and aromatic 
are combined 


with the characteristic flavor of sarsaparilla 


ingredients 


to give the principal flavor combination we 
know as root beet ”’ 
‘The dried root ot Smilax 


Miller 


SARSAPARILLA 


aristolochiae folia (Smilax mie dica 


Chamisso et Schlecht.) (fam. Liliaceae) is 
known in commerce as ‘ Mexican’, ‘Vera 
Cruz’ Tampico "or ‘ Gray Sarsaparilla ‘ 
The term * sarsaparilla’ also covers Smilax 


Honduran 
commercial 
American or sarsaparilla, 
Smilax ornata Lenaire, and various undeter- 


Kunth, commercial 
sarsaparilla, Smilax Regelu K., 


Central 


officinalis 


Jamaica 


mined species of Smilax. This root has a 
faint, nondescriptive odor and an acrid, muci- 
laginous, slightly sweetish taste If the 


202 


Abstracts 


(lis- 
tinct acrid taste, the material is probably 
Inert. 


commercial product does not have a 
The principal active components of 
sarsaparilla three 
known as ‘smilasaponin’, 
and * parillin’” 

LICORICE ROOT,  “ Glyeyrrhiza. or 
the dried rhizome and 
Glycyrrhiza glabra Linneé var. typica Regel 
et Herder 


known 


are glycoside saponins 


‘sarsasaponin ” 


licorice 
root is roots of 
which is 
‘Spanish licorice ’ 


(fam. Leguminosae) 
commercially as 
und of Russian licorice, Glycyrrhiza glabra 
Linné var. glandulifera Waldstein and Kita- 
ibel. 
rhiza glabra 
about 10 


stance, 


There are other varieties of Glycyr- 


used. Licorice contains 
characteristic 
and “5 to 10 


of glucose and sucrose, a 


root 


per cent of a sub- 


‘elvevrrhizin *” per 
cent brown acrid 
resin, asparagin, starch, and lignin ” 
WINTERGREEN. “ Wintergreen, Gaultheria 
Linné Kricaceae), also 


procumbens (fam. 


known by many common and not so common 
*‘ checker- 
indige- 
The leaves 
distilla- 
tion but the entire plant has the aromatic 
odor and the chief 
ponent, methyl salicylate, which is hvdro- 
lvzed from a methyl salicylate glycoside by 
an enzyme in the plant. The leaves have a 
marked astringent taste” 

SASSAFRAS. “ The flavoring known as * 
is derived from an American tree of 
the laurel family, known botanically as Sassa 
fras albidum (Nuttall) Nees and Sassafras 
The older 


literature carries the name Sassafras offici- 


names as * gaultheria’, ‘ teaberry 
‘ boxberry e Is a 


nous, woody, evergreen plant. 


herry ’, and small 


are used to obtain a volatile oil by 


taste of odorous com- 


SHs- 


safras ’ 


varufolium (Salisbury) O. Kuntz. 
nalis. The odorous and aromatic principles 
used for flavoring are actually obtained from 
the root, mainly the root bark, so that vears 
ago it was commonly called ‘ sassafras bark ’ 
and 
mon-wood ’, 


‘Saxifrax ’, ‘ cinna- 
and 
which it is known ” 


* Ginger 


‘sassafras wood ’. 


‘aoue tree’ ‘saloop’ are 
other names by 

GINGER. . consists of the dried 
rhizome of Zingiber officinale Roscoe (fam. 
Zingiberaceae), with the outer cortical lavers 
removed. Commercially, it is known as Ja- 
It contains about 


volatile 


African ginger. 
per 


maica and 


l to 2 cent of oil, gingerol, 
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shogaol, about 20 per cent starch, and muci- 


laginous materials. About 5 to 8 per cent of 


oleoresin can be obtained with 


ether as the extractive. Zingerone, which 
has been isolated trom gingerol, is a pun- 
gent material... . Shogaol is also pungent 
(Ginger is used to give a warm, agreeable, 


pungent sensation” 

HOPS. is the dried strobile ot 
Humulus Linné (fam. 
with its glandular trichomes. 


Hops 
lupulus Moracene ) 
This botanies! 
product has a bitter and aromatic taste and 
a pronounced characteristic odor resembling 
valerian when aged. It contains 
per cent of bitter substances, 


about 10 
tannin, resins, 
and a volatile oil of terpene 


which the odor Is attributable. 


character to 
It is used as 
a flavor component principally beeause of its 
hitter aromatic properties ” 


CORIANDER. “ Coriander ‘ seed’ is the dred 


ripe fruit of Coriandrum sativum Linneé 
(fam. Umbelliferae), an annual herb. The 
word ‘ coriander ’, ‘ koriandron’ in Greek, is 


derived from the Greek word ‘ koris’ 
ing bedbug. 


mean- 
This characterization is attribu- 
table to the fact that the fresh plant has a 
most disagreeable odor but on drying de- 
velops a delightful aromatic character. 
ander vields about 0.1 to J 


Corl- 
per cent of an 
essential oil whose principal component. is 
coriandrol ”. 

DANDELION Taraxacum, the Na- 
tional Formulary listing of dandelion root, 
‘is the dried rhizome and roots of Tararacum 
officinale Weber or 
DC., also known as 
Linné (fam. Compositae) and as Taraxacum 
dens-lionis. The air-dried contains an 
an oily resin, some fat acids, 
including melissic acid, an unusual compo- 


ROOT, 


Taraxacum laevigatum 


Leontodon taraxacum 


root 
essential oil, 


nent of plants, about 25% of inulin in 
autumn, some 17% of an unerystallizable 
sugar, and levulin, a carbohydrate. . . . An 
enzyme and a saponin are also present. At 


times dried dandelion root and ground coffee 
are mixed, roasted, and powdered. The mix- 
ture is used to prepare a beverage in which 
the coffee aroma predominates and masks the 
dandelion odor”. 

CHERRY BARK. 
is the carefully 
Prunus 


“Wild black cherry bark 
dried autumnal bark of 
Ehrhart (fam. Rosaceae). 
The enzyme emulsin acts upon a 


serotina 
evanide- 
bearing glycoside in the leaves, fruit, stem, 


acetone or 
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and bark of the tree to liberate hydrocyanic 
or prussie acid. About 3 per cent of tanme 
acid, a bitter substance probably a glycoside, 
and benzoic acid produced by the oxidation 
The odor 
is one would expect is almondy and the taste 
ix bitter”. 

ALTHEA, 


ol benzaldehyde are also present. 


* Marsh mallow root is the dried 
root of Althea officinalis Linné (fam. Malva- 
cene) from which the brown corky laver and 
the small removed. It is 
preferable that the plant be at 
vears old and that 


roots have been 


least two 
it be collected in the fall 
The root contains about 2 per cent of aspara- 
gin, 1] per cent of sugar, and 1.25 per cent 
of fattv material. Beesuse of its high starch 
ind pectin content, 37 per cent and 11 per 
cent, respectively, it is used pharmaceutically 
as a demuleent ” 

ALLSPICE. “ This flavoring material 
sists of the dried, nearly ripe fruit of Pomenta 
officinalis Lindley (Myrtus pimenta L.; Bu- 
genia pimenta DC.) (fam. Myrtaceae). It 
known as 


COn- 


Is also *‘ pimento ’ 


mento’, and ‘ Jamaiea 


‘Jamaica pi- 
pepper’. The Menxi- 
ean variety is larger in size and is considered 
inferior in quality to the Jamaica type and 
for this reason must be described 
allspice. Allspice has a 


taste resembling a 


as Mexican 
pungent, aromatic 
mixture of cinnamon, 
clove, and nutmeg and carries a concomitant 
clove-like odor which is attributable to the 
3-4 per cent of essential oil present ” 
ANGELICA ROOT, “ The rhizome of Angelica 
Linné (fam. 
angelica root’. This flavoring in- 
grecdient has a strong odor and an aromatic 
pungent taste. The principal components ol 
the root are angelic acid 


archangelica Umbelliferae) is 


known as ‘ 


valerie acid, 

resin, tannin, pectin, malice aeid, sugar, 
starch, and About 0.5-1 
per cent of volatile oil is obtained from the 
root ”’ 


a bitter substance. 


YELLOW pocK. “ Yellow dock, known offi- 
cially as ‘Rumex’ and commonly as ‘ dock 
root’, ‘ curled dock’ and the like, is the dried 
root of Rumer CrISPUs Linné and Rumex 


obtusifolius Linné (fam. Polygonaceae). This 

material has an astringent, bitter taste and is 

virtually odorless ”’ 
WINTERGREEN OTL. 


desired in 


“The main flavor note 
other than 
tained from the botanical ingredients previ- 
ously Nearly all 


root beer those ob- 


described is wintergreen. 
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the other essential oil components and aro- 

matic chemicals used in such 
serve as modifiers and blenders of the winter- 


formulations 


green note ” 

“Natural oil of wintergreen is prepared 
by the maceration in luke-warm water and 
subsequent steam distillation of the leaves of 
the evergreen, Gaultheria procumbens Linné 
(fam. Ericaceae). The northern oil 
mainly from Pennsylvania and New Eng- 
land; the southern oil comes from 
and North Carolina. This essential oil has 
its characteristic wintergreen odor, a berry 
flavor, and a .. This essential 
oil contains per cent of methy! 
salicylate; nevertheless it is said to give cer- 


comes 


Tennessee 


taste. 
US 


sweet 
over 


tain softer flavoring effects not obtainable 
with the synthetic material ”. 
SWEET BIRCH OIL. “ Oil of sweet birch is 


prepared by the maceration in warm water 
of the twigs and bark of Betula lenta Linné 
(fam. Betulaceae) and the subsequent steam 
distillation of the liberated oil. The oil is 
found principally in the bark... . Betuls 
oil has almost the same physical character- 
istics as wintergreen oil, since it too consists 
of over 9S per cent of methyl salicylate ” 

SASSAFRAS OIL. 
lowish to reddish-yvellow liquid which is ob- 
tained by steam distillation from the root of 
(Nuttall) Nees (fam. 
Lauraceae). It is found in the Appalachian 
part of Ohio and Kentucky. 
oil is widely used as a flavor component in 
root beer flavorings but in addition is used 
for flavoring medicinal preparations and in 
Safrole 
is a principal component of oil of sassafras, 
since it comprises SO% of the oil. Other 
components are eugenol, camphor, phellan- 
drene, safrene, and pinene ” 


“Oil of sassafras is a yel- 


Sassafras albidum 


Sassafras 


perfumes for soaps and detergents. 


CLOVE OIL. “Oil of cloves is the product 
obtained by the steam distillation of the 
dried flower buds of Eugenia cariophyllata 
Thunberg (fam. Myrtaceae) (Caryophyllus 
aromaticus Linné). Its principal sources are 
Zanzibar and Madagascar. It is 
to pale yellow oil... . It has a character- 
istic aromatic odor and a burning taste. 
Eugenol must comprise not less than 82 per 
cent of clove oil for the oil to meet U.S.P. 
XIT requirements ”. 

“Oil of 
essential 


Pe | colorless 


nutmeg or oil of 
oil 


NUTMEG OIL, 


myristica is the obtained by 


+r 
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steam distillation of the dried kernels of the 
ripe Houttuyn 
(iam. 


seed of Myristica fragrans 


Myristicaceae ). It is a colorless to 
light yellow liquid with a nutmeg odor and 
a spicy taste. The Dutch East Indies and 
the West a 
The main components are eugenol and _iso- 
eugenol. 

ANISE 


Indies are the main sources 


om. “ Oil of anise is defined as the 
colorless to pale vellow essential oil obtained 
by the the dried ripe 
fruit of Pimpinella anisum Linné (fam. Um- 
belliferae) or of the dried star-shaped fruit of 
Iilicium verum Hooker fil. (fam. Magnolia- 
ceae). The main of the former is 
the eastern part of central Europe, western 
Russia, and Spain, while the latter comes 
chiefly from Tonkin, French Indo-China, and 
Kwangsi, southeastern China. The latter is 
often termed * oil of star aniseed’ because ot 
the shape of the fruit... . The principal 
component is anethole i 


steam distillation of 


source 


Among the other essential oils which are 
used in root beer formulations are lemon oil, 
sweet orange oil, oil of and oil of 
cinnamon ” 

In addition to the foregoing natural essen- 
tial oils, the purified major components of 
them as well as their synthetic analogues 
e.g., methyl salievlate, ethyl salievlate, safrole, 
and citral—are also used in root 
beer formulas. (M. B. Jacobs, Am. Perf. & 


Ess. Oil Rev, 50: 1947; 51: 55, 1948). 


Cassi, 


anethole 
JOS 
Filbert Enzymes. The surplus filbert 
crop of Oregon may find a new outlet in the 
recent that 
obtained from these nuts improved the flavor 
of American cheese, not by imparting any 
filbert nut flavor but by better aging the 
cheese. (H. A.B. Parpia, R. W. Stein, T. B. 
Niven & Kk. H. Wiegand. 
the Chemical 
118th meeting in Chicago, as re ported in 
Chemurgic Digest 11(12): 9. 1950), 


discovery proteolytic enzymes 


Paper presented 


before American Society's 


Inositol. Inositol is a substance found to 
exist widely in seeds and other plant mate- 
rials as part of a compound known as “* phy- 
tin”. The corn kernel is a particularly rich 
source, and inositol is 
from corn products as a white, crystalline 
powder, soluble in water. It 


made commercially 
is believed to 
he important in nutrition and is sometimes 


classed as a member of the vitamin-B com- 
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plex. Recent work on rabbits has indicated 
that inositol can effectively reduce the level 
of cholesterol in the blood, a finding which 
may have significance because cholesterol, a 
fatty substance occurring naturally in the 
body and obtained as an ingredient in cer- 
tain foods, is widely regarded as the arch 
villain among arteriosclerosis causes. (S. J. 
Ika, W. C. Felch & L. B. Dotti. Paper pre- 
sented before the American Chemical Soci- 
ety’s 118th national meeting in Chicago, as 
reported in Chemurgic Digest 11(12): 9 
1950). 


Carvone, Limonene and Synthetic 
Spearmint. Carvone is an ingredient of 
natural spearmint oil to the extent of 65%, 
and the term has recently been applied to 
synthetic spearmint oil for flavoring pro- 
duced by conversion of limonene from orange 
and grapefruit peels at the Southern Re- 
search Institute, Birmingham, Ala. Develop- 
ment of this will provide the industries using 
spearmint flavoring with a new source of 
material and will provide a new outlet for a 
by-product of the citrus industry, inasmuch 
as “ limonene is potentially available in large 
quantities as a by-produet of the citrus in- 
dustry, but to date its industrial use has been 
limited to its employment as a_ solvent ”’ 
(C. Bordenea, R. K. Allison & P. H. Dirstine. 
Paper presented before the American Chemi- 
cal Society’s 118th meeting in Chicago , as 
reported in Chemurgic Digest 11(12): 9. 
1950). 


Soybean Paper. After five years research 
the Alton Box Board Company of Alton, TIl., 
is now buying waste soybean straw from 
farmers and converting it into boxboard, thus 
providing a market for this hitherto waste 
material and reducing the drain on timber as 
a source of paper pulp. Similar utilization 
of wheat straw is being carried out at other 
paper mills. (Chemurgie Digest 10(2): 11. 
1950), 


Poplar Breeding. l’oplar wood finds use 
in paper pulp, boxes, veneer for fruit and 
vegetable containers, excelsior and for minor 
uses. The need for fast growing and <(is- 
ease-resistant hybrids among these trees has 
long been recognized, and _ investigations 
along this line have been pursued at various 
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times in Canada, Europe, Great Britain, 
Scandinavia, the Soviet Union, South Africa, 
Australia and the United States. In the last 
mentioned the principal project along this 
line was started in Maine in 1924 and was 
continued, though for periods only on a 
maintenance basis, at least until 1949. In 
1927 and 1928 more than 13,000 seedlings, 
representing 99 cross-combinations among 34 
tvpes of poplars were set out in a nursery as 
part of this work. (K. J. Sehreiner, U.S. 
De pt. Agr., Yearbook, 1949: 153). 


Jute Substitute. “Experiments in the 
Belgian Congo for the making of sacks from 
sisal and Urena lobata have been conducted 
for many vears past. ... Urena lobata, 
known under various other names, including 
‘eadillo’ and ‘aramiia’, has long been 
known as one of the most formidable of the 
potential competitors with jute. This mem- 
her of the mallow family is found in numer- 
ous countries, but has been chiefly associ- 
ated with the Belgian Congo, Brazil, Cuba 
and Australia as far as cultivation or semi- 
cultivation is concerned. Literature on the 
subject is more extensive than with other of 
the lesser known fibres. The claim has been 
made, and supported by small-seale investi- 
gations in Sao Paulo and London, that fibre 
from Urena lobata has greater tensile and 
torsional strength than has jute. It appears 
from the Belgian Congo news that this much 
heralded fibre is now being really put to 
commercial use and it will be interesting to 
see how sacks so made will stand the test of 
time’, (Anon., Fibres 11: 310. 1950). 


Crin Vegetal. This name, meaning “ vege- 
table hair ’’, refers to the fiber obtained from 
the dwarf palm, Chamaerops humilis, the 
principal sources of supply being Algeria 
and Morocco, the principal markets in 
Kurope. “The fibre has several loeal uses, 
but the overseas demand is entirely as a 
filler for upholstery. It is evident that fibre 
used for this purpose requires exceptionally 
eareful cleaning, if all danger of possible in- 
fection is to be removed; even then it could 
not compete hygienically with synthetie ma- 
terials. For this reason anv considerable 
expansion of the external market for erin 
seems unlikely’. (Anon., Fibres 11: 147. 
1950), 
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The Essential Oils. 
1 Oils of the 


> 
ie, Bursen 


\ Ol 
|: 


if 


$: Individual 
imulies 
Myrt 
Krnest 
1951. $12 


Crraminen 


ie, | 
CGuenth 


Kessentia 
L 
liferae and Geraniacene 


1) \ in Nosti ind Co 


prac ict icf mibel- 


! 
ly kco- 
NOMIC 
first 
on one of the most important groups of plant 
IV is 


authority 


} 
i 


the April June, 1950, issue of 


Borany attention was cirected to the 


three volumes of this monumental work 


products Volume now ivallable and 


embodies the same ind excellence 


of workmanship that characterize the earlier 


volumes. Figuratively speaking, scores of 


oils from scores of species in dozens of genera 
if the six plant families considered in the vol- 
and 


ume are discussed from various technical 
nontechnical viewpoints, with a great deal ot 
hotanical information, and the volume brings 
closer to completion what will eventually be 


the most extensive single source of informa- 
tion on essential oils. 

Camphor oil, the reader learns, is the most 
Important ol all essential oils, In respect to 
innual production, outranking even the 
oils oft eucalyptus and citronells Formos: 
has long been the principal producer of ¢am- 
incl 1936 sland with 


Japan proper produced about 9.000 metric 


phor, In that 1 ‘long 


including the natural camphor 
China also contributes t 
The oil is distilled 
the wood of camphor (Connamomum 
it 


tons ol the ( il, 


extracted from it 0 


the world supply. from 


Trees 


camphora), and by subsequent treatment 


vields about equal amounts of camphor and 


of residual oil. The latter is then processed 
for isolation of various valuable fractions, 
ind it is this production of secondary prod- 
nets that has enabled the natural camphor 


industry to meet the competition of synthetic 


eamphor. Camphor itself is a basie material 


in the manufacture of celluloid and films, and 


of medicinal and pharmaceutical prepara- 
tions. It is employed also in mineral flota- 
tion, as a deodorizer and antiseptic, and in 
nsecticides. The derivatives of the oil are 
numerous and range trom perfumes to arti 
ficial vanilla 

The camphor tree belongs to the Laura- 


ind seven other commercially valuable 


ire obtained from other members of this 


l umuly hols cle rose, or oll Ol rosewood, lrom 
the Aniba 


Cauana and Brazil: 


French 
sassafras from the roots 


wood ol rosaeodora In 


of Sassafras albidum in eastern North Amet 
lea; oll of sassafras Brazilian from the wood 
ol Ocotea pre tiosa (= O. cymbarum) of Bra- 


ail; laurel from the leaves of Laurus nobilis 
primarily in Dalmatia but also elsewhere in 
Mediterranean lands from Spain to Pales 
California 
laurel, from the leaves ot 


California 


laurel, or mountain 
( mbe llularia cali- 
and the 
ind of cassia from the bark 
Cin 


tine; Day 


fornica WM and Oregon: 


oils of cinnamon 


ind leaves of two three ol 


the sey chelles 


or 
Ceylon, 


species 
namonum and 


(*hina. 


in 
These 


favoring agents or in perfumes 


oils are emploved either a- 

Kucaly ptus oils are distilled from the leaves 
of many kinds of eucalyptus trees in Aus 
tralia to the extent of about 200,000 eallons 
There has been production of the 
in Argentina, Brazil, 
Guatemala, Mexico and Uruguay in the New 
World; and in Spain and the Belgian Congo 
all the 


came, of course, from Australia; and produc- 


annually. 


oils also Colombia, 


In these countries trees originally 


tion from those of California is not economi- 


eally feasible. Until 1910 the various oils 
derived from eucalypts were used principally 
for medicinal purposes, but they now have 


various industrial uses. 

Other commercially Wnportant oils of the 
Myrtaceae, 
lyplus belongs, 


to which family the genus Huca- 


ire those of myrtle from the 
Vyrtus communis in various lands 


Mediter- 


pimenta or allspice from the leaves 


leaves of 
hordering the central and western 
ranean; 
ind berries of Pime nta officinalis In Jamaica: 
bay tree (Pimenta race- 


from the bay 


mosa) in Puerto Rico and the Virgin Islands; 


rum 


ind clove oil from the cloves and clove stems 
of Bugenia caryophyllata, extensively culti- 
vated in Zanzibar and the neighboring island 
Pemba. 


Ol 


Citronella is the most important oil ob- 


tained from the grass family, from = various 
strains ob mans grass (Cymbopogon confe rti- 
That island 


Java are the principal centers of production, 


florus) native to Ceylon. and 


ind the total annual world produce mounts 
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to about 5,000 tons. The genus Cymbopogon 
ind the closely related Andropogon vield a 
number of other valuable oils, most impor- 
and also in the 
Gramineae is the oil obtained from the grass 


tant of which is lemongrass, 
Vetiveria zizanioides for perfumery purposes 

The consideration given in this volume to 
the foregoing and to all the oils in the 
other three families is eneyclopedic in scope, 
scholarly in presentation and authoritative in 
content, so much so that the volume sand its 
companions are indispensable in any indus- 
trial library or in those of a biological hature 
sufficiently broad to include the utilization ot 
natural products. 


Deciduous Orchards. 
Chandler 136 
Febiger. 2d ed. 


William Henry 
113 figs Lea «& 
$6.50. 


Pugers, 


1951 


In the January—Marech, 1951, issue of Eco- 
NoMIc Borany attention was directed to the 
recent book, Evergreen Orchards, hy 
sor Chandler, and to his previous volume, 
Deciduous Orchards, published in 1942. This 
earlier work has appeared in a thor- 
oughly revised edition. In addition to a 
great variety of topics discussed in the first 


Profes- 


how 


225 pages of this revision, subjects which are 
related more to the care of deciduous fruits 
than to their description or utilization, there 
are six chapters describing the fruits. Under 
pome fruits, apples and pears are discussed 
length, a 
given of quince, and only passing mention ts 
made of the fruits in the genera MJespilus, 
Chaenomeles, 


at considerable brief seceount is 


and 
Sorbus, as well as the subtropical evergreen 
(Eriobotryua). The Iruits in- 
elude plums, apricots, almonds, peaches and 
cherries. The mulberry 


Crataequs, Amelancher 


loquat stone 
ind fig occupy on 
chapter; persimmon, 
and jujube another. 


papaw, pomegranate 
The edible nuts 
sidered are pistachio, walnuts, hickories (in- 
cluding pecans), hazelnuts Gineluding cobnuts 
and filberts) and chestnuts. Lastly there is 


COn- 


a chapter on the tung nut, the only inedible 
fruit considered in the book. 

Utilization aspects of all these fruits are 
not at all considered, apart from the implied 
usage of the edible ones as food and mention 
of tung ol as being valuable because of its 
drying qualities in paints, 


proofing and other products. 


\ arnishes, water- 


The book Is 
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essentially a text of pomology and as such ts 


not concerned, for Instance, with the facts 
that almond paste is made from apricot pits 
and that the pits ol other fruits are potential 
commercial sources of useful oils. Pomologi- 
cal considerations, however, cannot be wholly 
overlooked in economic studies of fruit trees, 
and for that 


to the economic botanist. 


reason this volume is of value 


IKierstead. 104 


1950. $2.75. 


Sally Pe in¢ 


Humphries 


Natural Dyes. 
Bruce 


pages, 


This little 


encourage and 


hook is intended primarily to 
instruction in’ home 
preparation and use of vegetable dyes in con- 
nection with the pursuit of 
erafts. In addition, contains 
brief historical and general accounts of eight 
such dves used in and of 20 or 
~6 to be obtained from native or naturalized 
plants of the United States. The most im- 
portant ol the lormer were word from [satis 

indigo from 
from Rubia 


from Crocus sativus. 


vive 


oldtime handi- 
however, it 


incient times, 


tinctoria, Indigofera tinctoria. 
and saftron 
Among the wild Ameri- 


ha ¢ 


madder tinctorium 


ean plants, dves heen obtained from 
the roots of goldthread (Coptis trifolia) and 

(Chelidonium from the 
black oak velutina) and 
(Acer and from the 
berries of too many species to be mentioned 


here. 


celandine 
bark of 
red maple 


mMajUS), 
(Quercus 


rubrum ) 


The title of this book gives the Impression 
that the book at least mentions all important 
ind there is nothing in the 
The 
the uninformed at 
false, for more than 2,000 different pigments 
are etually 


vegetable aves, 


text to indicate otherwise. impression 


thus gained, by least, is 


secreted by plants, and about 
130 of them have been of commercial impor- 


tance at some time. 


Great Herbals. John J 
Pub.: Wal- 
Chronica Botanica Co.; 


Maize in the 
Finan. xvi+43 pages; 


tham, Mass.: The 


illus 


New York City Stechert-Hafner, Inc 
1950. (Reprinted from Ann. Mo. Bot 
Gard. 35: 149-191. 1948. $3 


In writing about his third voyage to the 
New World, Columbus was the first Euro- 
pean to mention maize, and wrote that it was 
then Almost all 
explorers that followed him also wrote about 


erowing in Castile major 


the plant in their reports, and “ sometime in 
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the 1530°s, maize began to attract the inter- 
est of the European herbalists, who, carrying 
on a medical tradition of almost 2000 years, 
published descriptions and uses of 
chiefly with 


plants, 


those medicinal properties ” 
The botanical renaissance, represented by the 
illustrated 


started in the first 


scholars, 
half of the sixteenth cen- 
tury by the “ German Fathers of Botany ” 
Otto Brunfels was the first of them, publish- 
ing in 1530, and at 
In subsequent vears 


studies of these Wis 


least 50 others followed 
To a large extent these 
the 


ones of 


herbals based much earher 
and traditionally Theo- 
phrastus, Pliny and * These 


early herbals were handed down to the Renais- 


were upon 
accepted 


| oscorides. 


sance herbalists by copying and re-copying 
throughout the Middle Ages. 
the originals were chiefly additions, in some 
manuscripts, of listing the 
dialectal names for the plants that were de- 
scribed. 


Changes from 


glossaries local 
Some of the manuscripts had been 
copied and 
years”, and the Renaissance herbalists, “in 
the old 
associate the plants of western Europe with 


recopied for over a thousand 


order to recover remedies, tried to 

those mentioned in the ancient books ”’. 
Maize was mentioned in the first otf 

Brunfels, but in the 


second one, by Jerome Bock in 1539, it re- 


not 
these herbals, that of 


ceived attention; and in the herbal of Leon- 
hard Fuchs (1542) it was illustrated for the 
first time. These and others attempted to 
identify maize with plants known to the 
Greeks and Romans, and it was not until 
1570, in the herbal of the Italian Matthio- 
lus, that an American origin 


suggested. 


for maize was 


The foregoing and other accounts of maize 
in some 50 Renaissance herbals are compared 
in this hand-bound limited edition of Finan’s 
study, along with a discussion of the wood- 
that illustrated 
scriptions. Apart from the general histori- 
cal interest inherent in this study and the 
occasional references to ancient uses of maize, 


cuts those Renaissance de- 


there is significance in the conclusion drawn 
from the study and expressed as follows in 
the Summary: 

“We now know that two general types of 
maize are discussed in the herbals. The first 
type, which was first illustrated fifty years 
after the discovery of America (Fuchs, 1542), 
is similar to the typical flints of eastern 


North America and was believed by most of 
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to have been 
Where such 


a type of corn actually came from can only 


the herbalists who discussed it 
brought into Europe from Asia. 
be speculated upon. It may be some as-vet- 
unknown tropical variety closely related to 
our flints, but the final answer will have to 
further study. The 
maize, recognized by herbalists in the latter 
half of the sixteenth century as different 
from the first and reported by them to have 
been brought in from America, is much like 
the present-day corn of the Caribbean area 
and was very likely introduced into Kurope 
by the early Hispanie explorers ” 


awalt second type of 


Commercial Foreign Woods on the 
American Market. David A. Kribs. 
vi+257 pages; illus. Trop. Woods Lab., 
Dept. Bot., Penn. State College. $6.50. 


About 270 kinds of foreign wood are im- 
ported into the United States, according to 
the number of them described in this loose- 
leaf manual to their structure, identification, 
uses and distribution. With all its informa- 
in strictly manual fashion, 
that is, In concise statements under separate 
headings and without text in the ordinary 
sense of the term, this volume consists essen- 
tially of the following parts. In them is the 
wealth of information that is to be expected 
of a book of this kind which “ was written to 
provide a reference to commercial 
foreign on the American market ” 
used as a laboratory manual by 


tion presented 


general 
woods 
and to be “ 
students taking the course in foreign woods 
offered the second semester of each vear at 
the Pennsylvania State College ”’ 


I. A glossary of anatomical terms, ilus- 
trated with 60 photomicrographs. 
II. An anatomical key to all the kinds of 
wood considered. 
Descriptions of all the woods, arranged 
according to families and giving in- 
their 


growth 


formation on names, general 


properties, rings, uses and 


sources of supply. 


S10) photomicrographs of 270 woods, 


each wood represented by the follow- 
smoothed cross 
x 80; a 


ing three photos: a 
10; a 
tangential section x 100. 


section cross section 
A bibliography. 


An index. 


